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EQUIPMENT  SPECIFICATION  FOR  A  COMPUTERIZED  EDDY  CURRENT  INSTRUMENT 


1.0  SCOPE 

This  specification  contains  the  minimum  technical  and  performance  requirements  for  a 
computer-controlled  eddy  current  instrument  used  for  nondestructive  inspection.  The  equip¬ 
ment  is  intended  for  use  hy  the  United  States  Air  Force  (USAF)  at  depot  nondestructive 
evaluation  (NDE)  facilities  in  conjunction  with  an  automated  eddy  current  test  system.  The 
instrument  shall  include  all  probes,  connector  assemblies,  maintenance  manuals,  operation 
instructions,  diagnostic  programs  (software),  and  other  necessary  ancilliary  equipment  as 
specified  herein. 

2.0  APPLICABLE  DOCUMENTS 

The  following  documents  of  the  issue  in  effect  on  the  date  of  the  invitation  for  bids  or 
requests  for  proposal  form  a  part  of  this  specification  to  the  extent  specified  herein. 

2.1  Government  Documents 

2. 1. 1  Specifications 

M1L-T-28800B  Test  Equipment  for  Use  with  Electrical  and  Electronic 
Equipment,  General  Specification  for 
MFL-I-45208  Inspection  System  Requirements 

MIL-M-3874  Manuals  Technical;  General  Style  and  Format 

Requirements 

M1L-T- 18808  Test  Procedures,  Reproduction,  Acceptance  and  Life  for 
Aircraft  Electronic  Equipment,  Format  for 

2. 1.2  Standards 

MIL-STD-810  Environmental  Test  Methods 

M1L-STD-881  'lest  Reports,  Preparation  of 

MIL-STD- 109  Quality  Assurance  'Perms  and  Definitions 

2.1.3  Other  Publications 

1)1-  M -T*  1 20  Instruction  Manual  Minimum  Specification 

Requirements 

2.2  Nongovernment  Documents 

ANSI  Y82.I4*  -  1978  Graphic  Symbols  for  Logic  Diagrams. 

EIA  std.  RS-910  ('  Standard  for  Hacks,  Panels,  and  Equipment. 


UL  1410*  Standard  for  Television  Receivers  and  Video  Products. 


IEEE  Std.  100*  “IEEE  Standard  Dictionary  of  Electrical  and  Electronic  Terms.” 


ANSI/IEEE  Std.  488*  “IEEE  Standard  Digital  Interface  for  Programmable  Instrumenta¬ 
tion.” 

Draft*  “Code  and  Format  Convention  for  use  with  IEEE  Std.  488A  -  1978. 

2.3  Document  Sources 

Copies  of  Specifications  and  Standards  and  other  publications  referenced  in  this  specifi¬ 
cation,  except  those  indicated  (*),  may  be  obtained  from  the  procuring  activity. 

3.0  REQUIREMENTS 

3.1  General  Requirements 

The  equipment  will  be  primarily  designed  to  perform  eddy  current  testing  on  aircraft 
engine  components  by  USAF  nondestructive  evaluation  personnel  at  depot  level. 

The  equipment  will  be  designed  and  manufactured  in  a  manner  that  will  result  in 
commercially  reproducible  equipment  when  procured  in  quantity  for  inventory.  In  addition, 
the  equipment  will  be  capable  of  precise  and  repeatable  calibration  from  unit  to  unit  and 
afford  a  high  degree  of  long-term  stability.  The  equipment  will  be  capable  of  self-diagnostics, 
both  with  and  without  a  defined  system  controller  (external  computer),  for  the  purpose  of 
determining  the  current  operational  state  of  all  key  elements  of  the  instrument. 

The  instrument  will  have  sufficient  internal  computational  capacity  to  perform  all 
functions  described  herein  on  a  manual  basis.  In  addition  the  instrument  will  be  capable  of 
bidirectional  communication  with  a  system  controller  (computer)  over  an  Instrument  Bus 
(IEEE  488/1978). 

3. 1. 1  Classification 

The  equipment  will  conform  to  the  general  requirement  of  MII.-T-28800B,  Type  HI, 
('lass  (5,  Style  F,  except  as  modified  by  this  specification.  When  specifications  conflict,  this 
specification  will  take  precedence. 

3.2  Safety 

The  equipment  will  incorporate  the  safety  features  necessary  to  safeguard  personnel 
during  installation,  operation,  maintenance,  repair,  and  interchanging  of  components. 

With  the  exception  of  radiation  energy  measurement,  the  equipment  will  incorporate  the 
safety  features  per  MII.-T-28800B,  Paragraph  2.2. 

Protection  will  be  provided  from  leakage  current  in  excess  of  1  ma  peak  ac  and  dc  from 
any  accessible  conductive  parts  of  the  equipment  (including  control  shafts  with  knobs  removed 
and  recessed  calibration  or  adjustment  controls)  for  any  position  of  the  power  switch(es)  in 
accordance  with  the  appliance  shock  hazard  test  of  UI,  1410,  Section  12  and  12.  All  accessible 
electrically  conductive  surfaces  of  the  equipment,  when  fully  assembled  and  operating,  will  he 
at  earth  ground  potential. 


3.3  Equipment  Description 


The  major  components  of  each  system  will  consist  of  tin-  following:  items: 

3.3.1  Eddy  Current  Instrument 

3.3.2  Set  of  Probes,  1  each  Typical 

A  specialized  set  of  probes  will  be  required  for  some  applications 


Probe 

Part  No. 

Description /Generic 

Bolthole  H  in.* 

H-3/8 

Differential  bolthole  probe  for  %  in. 
dia  holes 

Cooling  hole  0.100  in.* 

H-100 

Generic  differential  probe  for  100 
mil  cooling  hole 

Rim  slot  1st  fan 

RS  1st  fan 
F100 

Specialized  probe  —  FI 00  for  first 
fan  rim  slots 

Knife  edge  1st  turbine 

KE  1st  turb 
FI  00 

Specialized  probe  FI 00  first  tur¬ 

bine  knife  edge 

•Note:  Probes,  which  have  generic  application,  will  carry  a  generic  designation. 

3.3.3  Probe  Cable  and  Interconnection  Assembly,  1  each 

3.3.4  Power  Cord,  I  each 

3.3.5  IEEE  488/1978,  4  meter  cable,  1  each 

3.3.6  IEEE  488/1978,  1  meter  cable,  1  each 

3.3.9  Digital  and  Analog  Extender  Cables  and/or  Boards  (as  required  for  service) 

3.3.10  Instrument  Manuals,  1  each 

3.3.11  Maintenance  Manuals,  1  each 

3.3.12  Diagnostic  Software  and  Listings  on  Machine  Readable  Form  for  Control  Processor.  1 
copy. 

3.4  Detailed  Equipment  Specification 

3.4. 1  Instrument  Description 

The  instrument  will  he  capable  of  both  externally  programmable  and  manual  operations. 
The  instrument  will  be  constructed  in  a  manner  that  facilitates  maintenance  and  permits 
interchangeability  while  affording  a  potential  means  for  replacement  of  cards,  module,  or 
components. 

The  operating  range  of  this  equipment  will  be  0°C  to  r»0°C  and  nonoperating  or  storage 
conditions  of  20° C  to  80° C  and  a  relative  humidity  of  0  to  90%  noncondensing.  The 
equipment  will  be  capable  of  transport  at  altitudes  of  12,000  m  (40,000  ft.)  nonoperating. 


3.4.2  Enclosure 


The  enclosure  will  conform  with  the  requirements  of  RS-310-C,  and  the  physical 
dimensions  will  not  exceed:  30.5  cm  (12  inches)  high  x  48.3  cm  (19  inches)  wide  x  56  cm  (22 
inch)  deep  and  will  he  rack  mountable  in  a  standard  19  in.  relay  rack  (RS-310-0).  Two  sets  of 
carrying  handles  will  he  provided;  one  set  on  the  front  of  the  instrument  and  the  other  to  be 
located  on  the  side  panels. 

3.4.2. 1  Protective  Covers  Not  Required 

3. 4. 2. 2  Identification  Plates 

Identification  plates  should  be  mounted  on  the  rear  panel  of  the  enclosure  in  accordance 
with  the  Marking  and  Identification  Requirements  of  Paragraph  3.7. 

3.4.3  Power  Supply 

The  instrument  will  he  capable  of  operation  on  115/230  volts,  50/60  hertz  AC  line  voltage. 
Switching  between  115  and  230  volts  should  be  external  and  nol  require  tools.  The  power  cord 
should  be  separable  from  the  enclosure  and  a  minimum  of  1.8  m  (6  ft.)  long. 

3.4.4  System  Controller/Controls 

Programmable  and  manual  controls  will  be  used  to  adjust  all  instrument  functions, 
(except  those  used  for  interna)  calibration  and  scope  intensity,  alignment  and  focus).  Adjust¬ 
ment  of  all  controls  will  not  interact  with  each  other.  Manual  control  is  required  when  the 
instrument  is  in  the  programmable  mode  and  under  control  of  the  system  controller.  A  means 
to  allow  selective  activation  of  manual  controls  will  be  provided.  This  means  will  be  program¬ 
mable  through  the  remote  interface  and  individually  selectable  at  the  function  level.  An  LEI) 
or  other  display  mechanism  will  be  employed  to  indicate  which  controls  are  enabled  for 
manual  use.  Upon  powerup,  the  instrument  will  awake  in  the  manual  mode.  In  addition, 
during  the  power-up  operation,  the  instrument  will  determine  and  inform  both  the  system 
controller  and  the  operator  that  it  is  in  a  power-up  state  and  has  undergone  a  self-test. 

All  communications  to  the  system  controller  (external  computer)  will  be  through  the 
IEEE  4H8A/1978  Instrument  Bus. 

The  internal  instrument  processor  will  be  an  industry  standard  multiple  source  micro¬ 
processor  capable  of  16-bit  binary  arithmetic  with  32-bit  intermediate  products.  Sufficient 
nonvolatile  internal  memory  will  be  provided  to  store  the  operational  programs  of  the 
instrument  plus  an  area  of  sufficient  size  to  log  hardware  error  conditions.  The  number  of 
entries  and  contents  of  the  hardware  error  log  will  be  accessible  both  through  a  manual 
interrogation  and  through  the  system  controller.  In  addition  upon  request,  the  instrument  will 
provide  the  version/revision  identification  number  of  its  internal  programming,  serial  number, 
and  the  serial  numbers  of  modules  inserted  it  applicable. 


3.4.5  Operational  Speed 

When  in  the  operating  mode,  all  functions  will  be  complete  within  one  tenth  of  a  second 
of  initiation.  When  in  the  programmable  mode,  operations  will  be  complete  within  one 
millisecond  of  receipt  of  the  command.  The  only  exception  being  that  external  commands  to 
balance  will  be  completed  within  KM)  milliseconds  of  issue. 
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3.4.6  Overall  Instrument  Sensitivity 

The  instrument  and  its  probes  will  demonstrate  an  overall  sensitivity  to  detect  a  10  X  3 
mil  elliptical-shaped  crack  with  an  electronic  signal  to  noise  ratio  of  10  to  1  in  the  following 
geometries  in  both  Ti  6-4  and  IN- 100. 

A.  A  bolthole  or  cooling  hole  crack  starting  at  edge  lying  parallel  to  a  radius  line  (see 
Figure  A-l). 

B.  A  crack  on  the  edge  of  a  blade  slot  (see  Figure  A-2). 

C.  A  crack  located  on  a  knife  edge  (see  Figure  A-3). 

D.  A  crack  in  an  elliptical  balance  flange  scallop  (see  Figure  A -4). 


Corner  Flaw 
'A  Circle 
5  Mils  Radius 


0.010 

A? 


003  in. 


Surface  Flaw 
Elliptical 
10  X  3  Mils 


FD  226720 

Figure  A-l.  Bolt/Cooling  Hole  Crack  Standards 


'A  Circle 
5  Mil  Radius 

A  'A  Circle  5  Mil  Radius  Crack  Perpendicular 
To  the  Live  Rim  Must  Be  Detected  with  an 
Electronic  Signal  to  Noise  Ratio  of  10  to  1 

FD  226722 


Figure  A-2.  Blade  Slot  Crack  Standard 


y 


Through  Flaw 
Knife  Edge  Seal 


0.030 


Typical  Knife  Edge  Dimensions  Are  Shown  in  Sketch. 
Detection  Is  Required  when  Crack  Is  0.030  in. 

Deep  as  Measured  from  Tip  of  Knife  Edge 

Figure  A-3.  Knife  Edge  Crack  Standards 


Corner  Flaw 
Balance  Flange  Scallop 

%  Circle 
5  Mil  Radius 

A  %  Circle  5  Mil  Radius  Crack  Must  Be 
Detected  with  an  Electronic  Signal  to 
Noise  Ratio  of  10  to  1 


Figure  A-4.  Elliptical  Balance  Flange  Scallop 


3.4.7  Power  Fail  Recovery 

In  the  event  of  a  power  failure,  the  state  of  the  instrument  controls  will  be  maintained  for 
at  least  two  hours.  The  operator  or  system  controller  will  he  notified  of  the  occurrence.  If  a 
change  of  instrument  state  was  in  progress  during  the  power  fail,  the  instrument  will 
specifically  notify  the  operator  or  system  control  as  to  the  status  of  that  function;  for  example, 
a  balance  command  was  in  progress  during  a  power  failure. 


3.4.8  Overall  Instrument  Bandwidth 


The  instrument  analog  sections  will  have  an  effective  overall  handwith  of  1  kHz  *  1  dh 
as  measured  at  the  output  of  the  analog  section.  For  those  portions  of  the  instrument  where 
information  flow  is  digital,  the  effective  bandwidth  of  the  digital  data  bus  will  be  sufficient  to 
allow  for  a  sampling  rate  of  3  kHz  per  channel  of  the  analog  signals.  All  A/D  converters  will  be 
preceded  by  an  anti-aliasing  filter  of  at  least  40  db/decade  at  the  appropriate  cutoff  frequency. 

The  A/D  conversion  will  be  at  least  12  bits  in  length  and  both  linear  and  accurate  to  ±  1 
bit.  Sampling  time  for  the  A/D  process  will  be  accurate  to  0.01%  of  the  sampling  interval. 

3.4.9  AC  Line  Noise  Suppression  and  Voltage  Variation 

An  RFI  line  filter  will  be  installed  on  the  AC  supply  voltage  as  close  to  the  enclosure 
entry  as  is  practical.  This  line  filter  will  provide  at  least  30  db  noise  suppression  at  50  kHz, 
and  60  db  suppression  at  1  mHz  and  above. 

In  addition  the  instrument  will  function  within  specification  for  worst  case  line  voltage 
and  frequency  variations  of  ±  5% . 

3.4. 10  Long-Term  Stability 

The  instrument  output  should  be  stable  under  worst  case  operating  conditions  to  within 
±  1  %  for  2  hrs.  Conditions  to  be  considered  in  the  worst  case  analysis  are  temperature, 
humidity,  line  voltage,  and  line  frequency.  A  warmup  period  of  10  min  will  precede  all  testing. 

3.4. 11  Internal  Diagnostics 

A  set  of  internal  diagnostic  functions  will  be  provided.  The  intent  of  these  diagnostics  is 
to  assess  critical  data  and  information  paths,  and  to  ensure  satisfactory  operation.  A  secondary 
purpose  is  to  enable  quick  isolation  of  a  problem.  At  a  minimum,  the  internal  diagnostic 
programs  must  isolate  the  problem  to  the  instrument  level.  Additional  diagnostics,  which 
isolate  the  problem  area  to  the  module  level,  will  be  required  if  first  echelon  maintenance  is  to 
include  module  replacement.  The  internal  diagnostic  programs  can  be  activated  by  either  the 
system  control,  through  the  instrument  bus,  or  via  the  operator.  Status  information  will  be 
returned  to  the  initiator  upon  successful  completion  or  failure. 

The  internal  diagnostics  will  access  the  operation  of  at  least  80%  of  the  components  in  an 
active  state.  The  dynamic  test  uses  by  the  diagnostics  include  the  typical  anticipated  operating 
condition  of  the  instrument. 

In  the  event  of  a  failure,  the  appropriate  error  code  will  be  logged  in  the  nonvolatile 
memory  for  future  reference.  In  the  event  that  the  instrument  is  configured  of  multiple 
modules,  the  error  code  will  be  logged  in  the  nonvolatile  memory  of  that  module  in  error,  as 
well  as  within  the  instrument  main  frame.  A  capacity  to  store  at  least  64  error  conditions  will 
be  provided  in  each  module  and  a  capacity  for  256  errors  will  reside  in  the  main  frame.  Each 
time  the  instrument  is  powered  up,  the  self-diagnosis  will  be  executed. 

3.4.12  Communication  Protocol 

The  hardware  requirements  of  the  instrument  bus  are  well  defined  in  IEEE  488;  however, 
the  communication  protocol  of  the  bus  is  not.  It  is  recommended  that  the  system  con¬ 
troller-instrument  interchanger  follow  the  procedure  outlined  in  Appendix  I). 


The  effective  transmission  rate  over  the  instrument  bus  should  exceed  30  kilo¬ 
bytes/ second ,  including  all  software  overhead  in  the  system  controller  and  the  instrument. 

3.4.13  Filter 

The  instrument  will  incorporate  two  digital  filters,  one  for  each  output  channel.  The 
filters  will  have  at  least  10  coefficients  when  implemented  in  a  nonrecursive  structure. 
Optionally,  the  filters  may  be  set  up  as  recursive  filters  using  three  (3)  cascaded  second-order 
sections.  When  in  the  system  controller  mode,  the  filter  parameters  will  be  down  loaded  from 
the  system  controller.  The  appropriate  parameters  (coefficients)  will  cause  the  filter  to  act  as 
a  traditional  low  pass,  high  pass  or  band  pass  filter.  In  the  manual  mode  the  operator  will 
choose  the  filter  of  interest  via  the  equivalent  analog  type. 

Although  the  filter  implement  is  digital,  the  operator  will  not  be  required  to  input 
coefficients.  His  selection  will  be  along  the  traditional  lines  for  analog  filter  selection,  i.e.  band 
pass  from  10  hz  to  40  hz  or  low  pass  with  a  cutoff  frequency  of  40  hz. 

3.4.14  Display 

The  instrument  will  have  at  least  one  CRT  display  with  a  minimum  resolution  of  256  X 
256  pixals.  The  display  may  be  either  a  bi-stable  storage  tube  or  a  rastor  scan  refresh  display, 
although  a  rastor  display  is  preferred.  In  the  event  a  rastor  scan  display  is  used,  memory 
storage  to  refresh  the  display  will  at  least  equal  1  bit  per  pixal.  If  no  other  alpha  numeric 
display  is  present  on  the  instrument,  the  CRT  display  will  double  as  such.  An  alpha  numeric 
character  density  of  12  lines  X  60  characters  is  required.  The  same  display  memory  may  be 
used  for  both  alpha  numeric  and  graphic  displays.  The  display  will  have  a  minimum  diagonal 
dimension  of  12  cm  (5  inches).  Alternative  displays,  such  as  LCD  or  plasma  display  can  be 
considered  as  replacements  for  the  CRT;  however,  the  specifications  are  subject  to  review  and 
approval  by  the  procuring  authority. 

3.4.15  Manual  Mode  and  System  Controller 

The  operator,  through  the  front  panel,  and  the  system  controller,  through  the  instrument 
bus,  will  be  able  to  modify  the  state  of  the  display  control  parameters.  All  parameters  listed  in 
Table  A-l,  except  the  curser  control  and  character  output  (8A  and  8b),  will  be  controllable 
from  both  the  system  controller  and  manual  mode.  The  curser  control  and  character  output 
will  be  accessible  only  by  the  system  controller. 

3.4. 16  Threshold  Gate 

A  programmable  gate  will  be  included  in  the  instrument.  At  a  minimum,  the  gate  will  be 
able  to  define  a  rectangular  area  of  acceptance  using  four  programmable  parameters  (i.e.  an 
upper  and  lower  acceptance  limit  for  each  of  the  output  channels).  In  addition  the  gate  may  be 
disabled  or  enabled  by  either  operator  and/or  system  controller.  The  relationship  between  the 
gate  and  the  signals  shown  on  the  CRT  will  be  maintained  under  all  display  conditions.  When 
the  instrument  is  in  the  system  controller  mode,  the  system  controller  will  have  the  option  to 
enable  or  disable  an  interrupt  signal  from  the  gate.  A  second  means  for  polling  the  gate  by  the 
system  controller  will  also  be  provided.  A  detailed  list  of  gate  control  parameters  is  given  in 
Table  A- 1,  items  9  through  9i. 


TABLE  A-l.  MANUAL/AUTOMATIC  CONTROL  FUNCTIONS 


3.4.17  Special  Instrument  Statue  and  Control 

In  addition  to  the  requirements  for  automatic  response  to  serial  number  requests 
mentioned  previously,  other  instrument  state  information  must  be  available  (Table  A-l,  items 
10  through  lOn)  to  the  control  processor.  The  intent  of  this  status  and  control  function  is  to 
allow  for  maximum  flexibility  and  minimize  misinterpretation.  For  example,  the  ability  to 
selectively  disable  and  enable  manual  control  of  the  instrument  function  limits  the  possibility 
that  a  state  of  the  instrument  has  been  changed  by  the  operator  without  system  controller 
knowledge,  yet  it  allows  that  option  where  necessary. 

3.5  Finish  —  Color 

The  finish  and  color  of  the  equipment  enclosure  will  be  that  normally  supplied  by  the 
manufacturer. 

3.6  Design  and  Construction 

3.6.1  Design 

The  eddy  current  equipment  will  be  designed  with  the  intention  of  providing  an 
instrument  of  high  reliability  and  stability.  Attention  must  be  directed  toward  human  factors 
to  assure  that  the  equipment  can  be  accurately  standardized  for  all  examinations  by  providing 
clearly  marked  controls  and  simplification  of  their  adjustment.  The  cathode  ray  tube  will 
provide  a  bright  image  that  enables  the  operator  to  observe  indications  clearly  under  all 
ambient  lighting  conditions.  Each  system  will  be  inherently  designed  to  provide  and  maintain 
reproducible  test  results,  in  accordance  to  the  testing  requirements  of  Paragraph  4,  when 
produced  in  production  quantities. 

3.6.2  Construction 

Provisions  will  be  made  to  ensure  that  electrical  connectors  are  mated  only  to  the 
appropriate  counterpart.  Where  design  considerations  require  close  proximity  of  connectors  of 
similar  configuration,  mating  connectors  will  be  suitably  and  permanently  marked  or  coded. 

The  design  and  construction  will  include  built-in  adjustments  or  compensating  devices 
for  restoring  the  equipment  to  the  specified  tolerances.  These  devices  will  be  capable  of 
compensating  for  the  change  in  performance  that  is  expected  to  occur  over  a  minimum  period 
of  one  year  (shelf  time  plus  usage). 

All  modules  will  be  connected  with  plug  type  connectors  to  minimize  fretting  and 
corrosion,  which  might  lead  to  possible  failure  or  create  high  resistance  paths.  Card  edge 
connectors  are  acceptable  as  an  electrical  connection,  provided  the  appropriate  protective 
plating  is  applied  and  a  rigid  support  system  is  used  to  ensure  the  cards  will  not  become  loose. 

All  analog  circuitry  will  be  constructed  on  double-sided,  through-hole  plated-printed 
circuit  boards  and  solder  mask  coatings  will  be  applied.  Digital  construction  will  be 
wire-wrapped  on  printed  circuit  board  in  accordance  with  the  manufacturer’s  option  for 
prototype  instruments.  Production  instruments  will  be  double  sided  with  plated -through  holes. 
All  digital  circuit  boards  must  be  operable  with  extender  cables  or  boards.  The  contractor  will 
supply  the  required  extender  cables  or  boards  with  each  instrument.  The  cables  or  boards  will 
be  of  sufficient  length  to  effectively  diagnose  a  problem. 


3.6.2. 1  Test  Points 


Test  points  will  be  provided  in  the  form  of  terminal  posts  that  are  accessible  for 
evaluation  of  the  circuit  while  the  instrument  is  operational  and  the  covers  are  removed.  Test 
points  will  he  identified  on  the  layout  and  circuit  schematic  and  on  the  chassis  or  circuit  board 
where  they  are  located.  The  choice  of  test  points  will  be  made  by  the  instrument  manufac¬ 
turer/designer  such  that  a  problem  can  be  isolated  to  the  board  level.  Additional  test  points 
will  also  be  provided  where  a  signal  must  be  measured  for  calibration  or  adjustment  of  the 
instrument. 

3.6.3  Controls,  Indicators,  and  Readouts 

Primary  controls  used  for  adjusting  the  equipment  for  examination  or  conducting 
examinations  will  be  located  within  sight  and  easy  reach  of  the  operator.  All  primary  controls 
will  be  located  on  the  front  panels.  Secondary  controls  used  infrequently  to  calibrate  the 
electronics  or  adjust  the  display  should  be  located  within  the  enclosure  or  in  an  area  less 
accessible  to  the  operator.  Each  control  used  to  adjust  the  instrument  for  examinations  will  be 
clearly  and  legibly  marked  with  regard  to  function  and  values  of  adjustment. 

Nomenclature  will  be  in  accordance  with  descriptive  terms  used  in  this  specification. 
Nomenclature  and  graphics  selected  will  be  submitted  for  approval  by  the  procuring  activity. 

3.6.4  Cooling 

The  equipment  will  be  capable  of  being  operated  continuously  for  24  hr  at  maximum 
ambient  temperatures  described  in  this  specification  with  ac  power.  Forced  cooling,  if  required, 
will  be  performed  by  an  air  exchanging  device  with  appropriate  filters  to  eliminate  the 
potential  intake  of  dust  and  other  airborne  particulates. 

3.7  Marking  and  Identification 

Marking  of  equipment  for  identification  will  be  in  accordance  with  MIL-T-28800B, 
Section  3.8.3  for  Type  III  equipment.  Front  panel  markings  will  be  those  conventionally  used 
for  each  function  or  an  abbreviation  thereof.  The  marking  process  used  will  be  permanent  and 
legible  from  1  m  (39.37  in.)  under  lighting  conditions  of  15-ft  candles  (160  IX).  Panel  markings 
will  have  the  durability  to  meet  the  marking  test  described  in  MIL-T-28800B,  Section  4. 5.7. 6. 


Identification  and  supplemental  plates  may  be  located  on  the  rear  panel  of  the  instru¬ 
ment.  The  instrument  identification  plate  will  contain  the  following  information: 

Model  Number  and  Revision  (internal  programming  version  provision) 
Kquipment  Name  or  Description 
—  Serial  Number 

—  Power  Requirements 

—  Manufacturer’s  Name 

Probes  will  be  identified  as  follows: 

—  Model  Number 

—  Description  (3/8"  dia  bolthole,  probe,  etc.) 

—  Serial  Number 
—  Manufacturer’s  Name 


Cables  and  other  accessories  will  l>e  labeled  in  an  appropriate  manner  that  permits 
identification  (model,  voltage,  length,  etc.)  for  reporting,  inventory,  and  ordering  purposes. 

Warning  markings  will  warn  of  the  location  of  a  hazard,  its  nature  and  extent  in 
accordance  with  MIL-T-28800B,  Paragraph  3.8.3.1.2  and  3.8. 

In  addition  to  the  external  markings,  the  instrument  will  respond  with  its  own  internal 
electronic  identification  codes  as  outlined  in  Table  A-l. 

3.8  Environmental  Requirements 

Equipment  will  meet  the  requirements  of  Section  3.9,  MIL-T-28800B  for  class  equipment 
except  as  specified. 

—  Equipment  warm-up  per  paragraph  3.9.1. 1  will  not  exceed  10  min.  at 
ambient  conditions. 

—  Equipment  will  have  a  low  temperature  operating  range  of  0°C  (32°F)  vs 
-15°C  (5°F)  specified  in  Table  A-2,  Section  3.9  and  50°C. 

—  The  environmental  requirements  will  be  restricted  to  humidity,  low 
temperature,  high  temperature,  and  power  fluctuation  (voltage  and  fre¬ 
quency). 

3.8.3  Electromagnetic  Capability 

The  equipment  will  be  equipped  with  a  suitable  magnetic  shield  to  ensure  that  the 
electronic  beam  in  the  cathode  ray  tube  is  sufficiently  shielded  from  the  effects  of  magnetic 
fields  that  may  occur  in  industrial  environments. 

Electromagnetic  interference  will  be  minimized  by  appropriate  grounding  and  isolation  so 
that  at  full  instrument  gain  the  interference  from  internal  timing  signals,  relay  action,  and 
other  external  electronic  radio  frequency  noise  common  to  industrial  activity  is  not  more  that 
1%  of  full  screen  deflection  with  the  receiver  input  connected  to  a  standard  probe. 

3.9  Interchangeability 

Major  components  of  the  system,  such  as  the  programmer,  bridge,  filter  display  gates, 
probes,  etc.,  supplied  by  each  manufacturer,  will  be  interchangeable.  Both  mechanical  and 
electrical  aspects  of  the  eddy  current  equipment  will  afford  this  interchangeability.  In 
terchangeability  can  be  either  at  the  board  level  or  at  the  module  level. 

3.10  Documentation 

3.10.1  Operation  and  Service  Manuals 

An  instruction  manual  described  in  Data  Item  Description  M-5120,  Instructions  1 
through  5,  and  other  additional  information  required  for  field  use  of  this  equipment  will  be 
developed  by  the  contractor. 

A  manual  addressing  the  maintenance  of  this  equipment  as  well  as  the  operation  and 
necessary  instructions  for  initial  setup  will  be  provided  in  accordance  with  the  requirements  of 
Data  Item  Description  M-5120,  “Instruction  Manual  —  Minimum  Specification  Require¬ 
ments."  Style  will  be  in  accordance  with  Mil,  M-38784A.  A  bound  copy  suitable  for  a 
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six-month  field  trial  of  equipment  will  be  provided  with  each  set  of  equipment  ordered.  One 
original  unbound  copy  draft,  final  copy  and  set  of  reproducible  illustration  originals  are 
required  in  addition  to  bound  copies  per  items  3,  4,  and  5  of  M-5120. 

3.10.2  Use  of  Metric/English  Units 

All  component  dimensions  illustrated  in  drawing  will  be  provided  in  metric  (SI)  units 
followed  by  English  units  in  parentheses  for  those  commonly  reported  in  English  units. 

3.10.3  Glossary 

A  glossary  of  terms  will  be  established  by  the  contractor  for  the  purposes  of  identifying 
controls,  writing  the  operator  and  maintenance  manual  and  labeling  equipment.  The  glossary 
will  be  submitted  to  the  purchaser  for  review  and  approval  to  assure  that  “standard” 
nomenclature  is  established  prior  to  the  supplier’s  use  of  these  names  and  abbreviations. 

4.0  QUALITY  ASSURANCE  PROVISIONS 

4.1  Responsibility  for  Inspection  and  Test 

Unless  otherwise  specified  in  the  contract  or  purchase  order,  the  supplier  is  responsible 
for  the  performance  of  all  inspection  and  test  requirements  specified  herein.  Except  as 
otherwise  specified,  the  supplier  may  use  his  own  facilities,  or  any  commercial  laboratory 
acceptable  to  the  Procuring  Activity.  The  Procuring  Activity  reserves  the  right  to  witness  or 
perform  any  of  the  inspections  set  forth  in  these  specifications  where  such  inspections  are 
deemed  necessary  to  assure  supplies  and  services  conform  to  prescribed  requirements. 

4.2  Quality  Program 

The  contractor  will  provide  and  maintain  a  Quality  Program  which  as  a  minimum 
includes  the  following: 

4.2. 1  Inspection  System 

An  inspection  system  in  accordance  with  MIL-1-45208; 

4.2.2  Initial  Quality  Planning 

The  contractor,  during  the  earliest  practical  phase  of  the  contract,  will  conduct  a  review 
of  the  requirements  of  the  contract  to  identify  and  make  timely  provison  for  special  controls, 
processes,  test  equipment,  fixtures,  tooling,  and  skills  required  for  assuring  product  quality. 
This  initial  planning  will  recognize  the  need  to  prepare  and  update  inspection/test  procedures 
and  techniques,  and  to  procure  required  equipment  and  services  as  well  as  interfacing  these 
quality  controls  with  manufacturing  procedures.  The  planning  will  also  provide  appropriate 
review  and  action  to  assure  compatibility  of  maufacturing,  inspection,  testing,  and 
documentation. 

4.2.3  Design,  Drawing,  and  Configuration  Controls 

A  design  review  meeting  involving  both  the  contractor  and  the  procuring  activity  will  be 
held  prior  to  fabrication  of  any  units.  The  contractor  will  notify  the  procuring  activity  at  least 
30  days  in  advance  of  the  lime  and  place  of  the  design  review  meeting. 
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The  contractor  will  establish  procedures  to  assure  timely  incorporation  and  control  of  the 
configuration.  These  procedures  will  include: 

a.  Control  of  document  transmittals  (e.g.,  drawings,  specifications,  work 
instructions,  etc.)  to  all  affected  organizations  (including  suppliers  and 
subcontractors)  to  assure  that  work  and  quality  functions  are  ac¬ 
complished  in  accordance  with  the  latest  approved  documents  and  that 
obsolete  documents  are  removed  from  use. 

b.  Verification  that  the  “as-built”  configuration  conforms  to  applicable 
specifications,  drawings,  and  other  contractual  requirements  including  all 
authorized  changes  and  modifications  and  that  the  affected  documents 
are  revised  to  accurately  describe  the  “as-built”  configuration. 

4.3  Tolerances 

Tolerances  on  specified  performance  parameters  and  physical  dimensions  will  be  as 
indicated.  Where  no  tolerances  are  shown,  a  nominal  value  is  implied  and  a  tolerance  of  ±5% 
will  be  applicable. 

4.4  Inspection  Terms 

Military  Standard  MIL-STD-109  will  govern  the  definition  of  inspection  terms  used. 

4.5  Inspection  and  Test  Requirements 

Each  eddy  current  equipment  item  will  be  inspected  and  tested  as  a  completed  article. 
The  contractor  will  develop  the  procedure  necessary  to  provide  objective  evidence  that  the 
requirement  has  been  met.  These  procedures  will  be  included  in  the  overall  test  procedure 
plan  (see  Paragraph  4.6). 

4.5.1  Test  Conditions 

Unless  otherwise  specified  herein,  tests  will  be  conducted  at  the  ambient  temperature 
and  climatic  conditions  existing  at  the  place  of  test.  Only  that  maintenance  established  prior 
to  the  tests  and  submitted  as  a  maintenance  schedule  prior  to  commencement  of  the  tests  will 
be  performed  during  the  tests. 

4.6  Test  Procedure  Plan 

The  procedures  used  for  conducting  First  Article  Tests  will  be  prepared  by  the  contractor 
and  submitted  to  the  Procuring  Activity  for  acceptance  at  least  lit)  days  prior  to  the  scheduled 
date  of  test.  The  Procuring  Activity  review  period  will  not  exceed  111)  days.  The  Procuring 
Activity  or  their  representative  reserves  the  right  to  modify  the  tests  or  require  any  additional 
tests  deemed  necessary  to  determine  compliance  with  the  requirements  of  this  specification. 
MIL-T- 18.10.1  should  be  used  as  a  guide  for  preparation  of  such  test  procedures. 

4.7  First  Article  Test  Report 

Test  data  will  be  recorded  during  performance  of  all  First  Article  Tests  in  a  form  that 
will  permit  reference  to  the  first  article  procedures  and  equipment  used  and  will  provide  for 
actual  readings,  such  as  frequency,  voltage,  time,  dimensions,  etc.,  rather  than  check  marks. 
This  data  will  be  incorporated  in  a  First  Article  Test  Report  prepared  and  submitted  within  )!0 
davs  after  completion  of  First  Article  Tests.  MIL-STD-HdJ  should  be  used  as  a  guide  for 
preparation  of  this  test  report. 
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4.8  Reliability  and  Maintainability 

4.8.1  Reliability 

This  eddy  current  instrument  will  have  a  lower  tested  limit  on 
mean-time-between-failure  (MTBF)  of  1000  hr  as  defined  in  MIL-STD-781C  when  tested  and 
accepted  in  accordance  with  the  provisions  of  Section  4  and  6  of  specification  GSED  PD  94. 

4.8.2  Maintainability 

The  instrument  will  have  a  corrective  meantime-to-repair  at  an  intermediate  depot  of 
1  hr  as  defined  in  MIL-STD-471A. 
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ULTRASONIC  TEST  INSTRUMENTATION  SPECIFICATION 


1.0  SCOPE 

This  specification  established  the  minimum  performance  and  design  characteristics  for 
ultrasonic  equipment  to  be  used  as  a  computerized  immersion  ultrasonic  module  in  a 
Retirement  for  Cause  (RFC)  system  for  the  nondestructive  inspection  and  evaluation  of  used 
jet  engine  major  rotating  parts.  The  equipment  will  be  suitable  for  use  in  United  States  Air 
Force  (USAF)  depots,  and  includes  necessary  transducers,  spares,  cables,  and  ancillary 
equipment  as  specified  herein. 

2.0  APPLICABLE  DOCUMENTS 

The  following  documents  of  the  issue  in  effect  on  the  date  of  the  invitation  for  bids  or 
request  for  proposal  form  a  part  of  this  specification  to  the  extent  specified  herein. 

2.1  Government  Documents 


2. 1. 1  Specifications 


MIL-T-28800B 

MIL-1-45208 

MIL-M-38784 

MIL-T-I8303 


Test  Equipment  for  Use  with  Electrical  and  Electronic 
Equipment,  General  Specification  for 
Inspection  System  Requirements 

Manuals  Technical;  General  Style  and  Format 
Requirements 

Test  Procedures,  Reproduction,  Acceptance  and  Life  for 
Aircraft  Electronic  Equipment,  Format  for 


2. 1.2  Standards 


MlL-STD-810 

MIL-STD-831 

MIL-STD-I09 

MIL-STD-794 


Environmental  Test  Methods 

Test  Reports,  Preparation  of 

Quality  Assurance  Terms  and  Definitions 

Packaging 


2. 1.3  Other  Publications 


I)l-M-512<>  Instruction  Manual  -  Minimum  Specification  Requirements 

2.2  Nongovernment  Documents 

ANSI/IEEE  Std.  488*  IEEE  Standard  Digital  Interface  for  Programmable 
Intrumentation 

ASTM  1.07.06.09-75-2-7  Recommended  Practice  for  Evaluating  the  Electronic 
Characteristics  of  Sections  of  Pulse  Echo  Ultrasonic  Inspection  Instruments 
(Proposed) 

ASTM  EI27-75*  Recommended  Practice  for  Fabricating  and  Checking 
Aluminum  Alloy  Ultrasonic  Standard  Reference  Blocks 

ASTM  3500  -  74*  Standard  Definitions  of  Terms  Relating  to  Ultrasonic 
Testing 


Specification  BNW  70f>-7,  AFML  Project  705-7,  IISAK  t'ontract 
F33615-78-C-5032 

Ul,  1410*  Standard  for  'I’elevision  Receivers  and  Video  Products 

IEEE  Std.  100*  “IEEE  Standard  Dictionary  of  Electrical  and  Electronic 
Terms” 

2.3  Document  Sources 

Copies  of  Specifications  and  Standards  and  other  publications  referenced  in  this  specifi¬ 
cation  except  for  those  indicated  (*)  may  be  obtained  from  the  procuring  activity. 

3.0  REQUIREMENTS 

3.1  General  Requirements 

The  equipment  will  be  designed  for  use  in  a  depot  environment  by  engineers  and  trained 
technicians.  It  will  be  suitable  for  use  in  immersion  testing,  both  pulse-echo  and  through 
transmission  (possibly  including  the  simultaneous  use  of  three  transducers).  It  will  be  capable 
of  bidirectional  communication  with  a  computer,  as  well  as  providing  convenient  manual 
control  and  visual  display. 

The  frequencies  of  operation  range  from  1.0  MHz  through  25.0  MHz.  The  primary 
purpose  of  the  instrument  will  be  the  detection  of  internal  penny-shaped  flaws  of  diameter 
0.015  inch  (0.38  mm)  and  larger,  in  jet  engine  disks  composed  of  nickel  and  titanium  based 
alloys. 

The  equipment  will  be  designed  and  manufactured  in  a  manner  that  will  result  in 
commercially  reproducible  equipment.  The  equipment  will  afford  a  high  degree  of  test 
repeatability,  from  unit  to  unit  and  from  module  to  module. 

3.2  Safely 

With  the  exception  of  radiation  energy  measurement,  this  equipment  will  incorporate  the 
safety  features  of  MIL-T-28800B,  Paragraph  3.2.  It  will  meet  the  appliance  shock  hazard  test 
requirements  of  UL  1410,  sections  12  and  13. 

3.3  Equipment  Description 

The  major  components  of  each  system  will  consist  of  the  following  items  (Figure  B-l). 

3.3.1  Ultrasonic  Instrument 

(See  Figure  B-2.) 

3.3.2  Signal  acquisition  and  digitizing  instrumentation  (Figure  B-3).  Only  one  is  required  for 
several  ultrasonic  instruments. 

3.3.3  Ultrasonic  transducers,  three  of  each  type:  (All  are  high  damped.  Note:  These  require 
ments  may  be  changed  per  forthcoming  Manufacturing  Technology  program  for  RFC). 

5  MHz,  0.5  in.  diam.,  3  in.  focus 


10  MHz,  0.375  in.  diam.,  3  in.  focus 


10  MHz,  0..'l7f>  in.  *  2.7  in.  receiver,  unfocused 


20  MHz,  0.375  in.  diam.,  3  in.  focus 

3.3.4  Power  Cord,  2  each  (one  for  Ultrasonic  Instrument,  one  for  Waveform  Digitizer). 

3.3.5  Coaxial  cables,  6  each,  50  ohm,  BNC  to  transducer  holder  or  search  tube  connector,  6 
feet. 

3.3.6  Spare  modules  for  both  Ultrasonic  Instrument  and  Waveform  Digitizer. 

3.3.7  Data  communications  cable,  per  IEEE  488,  length  to  reach  external  controller,  2  each 
(one  for  Ultrasonic  Instrument  and  one  for  Waveform  Digitizer). 


3.3.8  Acoustic  verification  fixture. 

3.3.9  Extender  modules  and  cables,  as  required  for  repair  procedures  (both  Ultrasonic 
Instrument  and  Waveforem  Digitizer). 

3.3.10  Instruction  and  Operating  Manual  (per  DI-M-5120). 

3.3.11  Installation  and  Maintenance  Manual,  including  schematics  (per  MIL-M-38784). 
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Figure  li-l.  Major  Ultrasonic  Test  Instrumentation  System  Components 


3.4  Detailed  Equipment  Specification 


3.4. 1  Instrument  Description 

The  instrument  will  be  capable  of  both  manual  and  externally  controlled  operation.  The 
functional  block  diagram  is  shown  in  Figures  B-l  and  B-2.  The  instrument  will  be  so 
constructed  as  to  allow  rapid  repair  by  submodule  and/or  component  replacement. 

The  linear  dynamic  range  of  the  instrument  will  be  at  least  34  dB  at  maximum  gain  when 
tested  in  accordance  with  Appendix  VI  of  Specification  BNW  705-7. 

The  operating  environment  temperature  range  of  this  instrument  will  be  50° F  (10°C)  to 
1 20° F  (50°C).  The  humidity  range  for  operation  and  storage  will  be  0%  to  95%  noncondens¬ 
ing. 

All  ultrasonic  signal  connectors  will  be  BN C  type,  50  ohms;  all  analog  cable  (including 
search  tube,  if  used  for  signal  routing)  will  be  50  ohms.  The  external  controller  connector  will 
satisfy  ANSI/IEEE  Standard  488.  Other  connectors  will  satisfy  applicable  Mil  specs. 

3.4.2  Instrument  Control 

All  instrument  functions,  unless  otherwise  specified,  will  be  controllable  both  via  manual 
(front-panel)  control,  and  via  remote  (UT  module  computer)  control.  The  instrument  will 
include  an  internal  industry-standard  microprocessor  with  both  read-only  memory  (ROM, 
PROM,  or  EPROM)  and  dynamically  alterable  random-acess  memory  (RAM).  The  interaction 
between  manual  and  remote  control  will  be  such  that  (1)  the  operator  can  independently  set 
all  controls;  (2)  the  UT  module  controller  can  independently  set  all  controls;  (3)  the  operator 
can  determine  the  values  of  all  remote  control  settings;  (4)  the  UT  module  controller  can 
determine  the  values  of  all  operator  settings;  (5)  when  “remote”  mode  is  specified,  the  operator 
controls  are  inoperative;  (6)  the  operator  can  readily  set  all  manual  settings  equal  to  the 
remote  settings  in  order  to  make  selected  changes  from  those  settings.  The  instrument  will 
provide  a  facility  for  making  temporary  settings,  so  that  the  operator  can  select  a  set  of 
baseline  control  settings,  vary  certain  settings,  and  return  to  the  baseline.  This  facility  may  be 
accomplished  via  instrument  interaction  with  the  IJT  module  controller;  however,  the  operator 
will  use  only  front-panel  controls. 

The  front-panel  controls  need  not  be  physically  on  the  front  of  the  instrument;  rather, 
they  may  he  incorporated  with  the  UT  bridge  and/or  UT  module  computer  controls.  In  any 
case,  the  operator  will  be  able  to  operate  both  bridge  and  instrument  manual  controls  from  a 
single  position,  for  set-up  and  evaluation  purposes. 

Although  the  RFC  system  is  designed  for  completely  automatic  operation,  the  use  of 
manual  controls  is  necessary  during  the  initial  methods  development  (or  “machine  training"! 
stage.  This  training  process  will  be  carried  out  by  interaction  between  an  ultrasonic  engineer 
and  the  computerized  system,  and  thus  requires  convenient,  effectual  control  bv  the  human  as 
well  as  by  the  computer.  The  training  will  be  required  for  each  new  inspection  requirement  on 
each  new  part  introduced  into  the  RFC  system,  and  will  therefore  be  a  continuing  process. 

3.4.2. 1  Operation  of  Manual  Controls 

Each  manual  control  will  permit  setting  to  any  value  within  5  seconds.  Each  control  will 
also  permit  continuous  adjustment  throughout  its  full  range  at  both  a  fast  and  slow  rate.  If 
digital  control  is  used,  the  rates  will  be  selectable  to  permit  accurate  fine  adjustment  at  the 
lowest  rate.  The  slow  rate  will  be  approximately  one-tenth  of  the  highest  rate.  Level  setting  of 
each  control  will  be  unaffected  by  turning  the  control  on  and  off.  Operator  control  settings  will 
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not  be  altered  by  cycling  the  instrument  on  and  off.  Operator  controls  will  be  labeled,  shaped, 
colored,  and  arranged  to  provide  ease  of  operation  for  engineers  who  do  not  use  the  instrument 
daily,  as  well  as  for  trained  regular  operators. 

3.4.2.2  Operation  of  Remote  Controls 

Each  control  will  be  settable  to  any  value  within  one  instrument  cycle  (i.e.,  control  will  be 
accomplished  at  a  rate  at  least  equal  to  the  instrument  repetition  rate). 

3.4.23  Specific  Controls 

The  following  controls  will  be  provided: 

,‘{.-1.2.3. 1 .  Repetition  Rate 

Hate 

Local/remote 

3.1.2.3.2  Pulser 

-  Transducer  frequency  (controls  pulse  duration  and  peak  voltage) 

-  Damping  resistance 

3.4.23.3  Receivers 

-  Gain 

-  Time-dependent  gain 

-  Filter 

3.4:2.31  Detector 

-  Full-wave,  half-wave-positive,  half-wave-negative 
3.4  2.3.5  Video  Processors 

-  Video  filter 
3.4.2.36  Cates 

-  On/off 

-  Synchronization 

-  Start  time 

-  Duration 
Threshold 

-  Alarm  polarity 

-  Audio  on/off 

-  Interface  attenuation  on/off 

-  Interface  attenuation  level 


3.4. 2.3.7  Display  (require  manual  control  only ) 


-  Sweep  speed 

-  Sweep  synchronization 

-  Sweep  delay 

-  Setup/normal 

-  CRT  controls  (vertical  and  horizontal  positions,  intensity,  focus,  and 
astigmatism) 

-  Sweep  expansion  on/off 

3.4. 2.3.8  Power  On/Off  (requires  manual  control  only) 

3. 4.2. 3. 9  Begin  self-test. 

3.4.3  Repetition  Rate  Circuit 

A  clock  circuit  will  provide  the  general  timing  and  circuit  synchronization.  The  repetition 
rate  will  be  variable  from  100  Hz  to  5  KHz  in  increments  of  10  Hz.  Moreover,  the  instrument 
will  provide  a  mode  in  which  each  pulse  repetition  is  initiated  by  a  command  from  the  LIT 
module  controller. 

The  upper  limit  of  5  kHz  is  sufficient  to  inspect  with  a  0.015  in.  resolution  at  a  20  in. 
radius  at  30  rpm.  The  lower  limit  is  low  enough  to  prevent  “ghosting”  (reverberations 
continuing  from  one  instrument  cycle  to  the  next).  The  10  Hz  increment  will  allow  rep  rate  to 
be  synchronized  with  rotation  speed  and  inspection  radius  for  the  highest  possible  inspection 
speed.  External  pulse  initiation  allows  complete  flexibility  during  training  and  evaluation. 

3.4.4  Pulaer 


The  excitation  pulse  generating  circuit  will  provide  requisite  circuitry  and  controls  to 
drive  piezoelectric  transducers  having  nominal  frequencies  between  1.0  MHz  and  25.0  MHz. 
Variable  pulse  width  allows  maximum  energy  transfer  to  the  transducer.  Pulser  characteristics 
will  include  at  least  the  following: 


Nominal 

Frequency 

(MHz) 

Fkilse 

Duration  (ns) 

Peak 

Voltage  (V) 

Transducer 
Diameter  (in.) 

1.0 

500 

-250  to  -600 

0.50-1.00 

2.25 

220 

-250  to  -500 

0.25-0.75 

3.5 

145 

-250  to  -400 

0.25-0.50 

5.0 

100 

-300  ±  50 

0.25-0.50 

7.5 

65 

-300  ±  50 

0.25-0.50 

10.0 

50 

-300  ±  50 

0.25-0.375 

15.0 

30 

-250  ±  50 

0.25-0.375 

20.0 

25 

-200  ±  50 

0.25-0.375 

25.0 

20 

-200  ±  50 

0.25-0.375 

;  voltage  will 

be  measured  across 

an  undamped 

lead  metaniobate  j 

IVak 

element  of  the  specified  frequency  and  diameter.  If  continuous  frequency  variation  is  provided, 
characteristics  at  intermediate  frqucncies  will  be  as  interpolated  from  those  given.  Lower 
voltages  are  specified  at  higher  frequencies  to  prevent  damage  to  the  transducer  due  to  arcing 
in  the  thin  element. 


-  **  -  •  *  *  *-  .  *  •  *  »  ■  -»  -j  -j*  j  r r^r  ^ w"  nr.i«".  f"  w"-itb 


'l'he  pulser  will  provide  variable  or  selectable  damping  resistance  in  parallel  with  the 
output,  to  include  at  least  the  following  values:  10  ohms,  50  ohms,  100  ohms,  and  1000  ohms. 
Variable  damping  permits  optimization  of  ultrasonic  wave  shape. 

'l'he  pulser  will  have  a  switch  to  permit  the  pulser  to  be  isolated  from  the  receiver  for 
transmit-receive  operation  or  connected  to  a  common  output  for  pulse-echo  operation.  When 
in  the  transmit-receive  mode,  there  will  be  a  minimum  of  60  dB  isolation  of  the  pulse  output 
and  other  timing  signals  from  the  receiver  input. 

If  the  system  configuration  is  such  that  the  UT  instrument  is  not  mounted  on  the  bridge, 
then  the  pulser  will  be  physically  external  to  the  instrument  and  will  be  mounted  on  the 
bridge.  Mounting  the  pulser  on  the  bridge  minimizes  cable  losses  and  distortion.  Ideally,  the 
pulser  should  be  adjacent  to  the  transducer,  as  specified  in  Section  5.4.20,  Enhancements. 

3.4.5  Self-Test  Capabilities 

Inspection  reliability  requires  three  types  of  calibration:  instrument  calibration,  system 
calibration,  and  system  setup.  System  setup  consists  of  setting  controls  to  achieve  required 
responses  from  test  blocks  specific  to  an  inspection;  this  is  a  system  function.  System 
calibration  is  a  detailed  analysis  of  system  (transducer  and  instrument)  response  to  a  special 
calibration  block;  this  is  also  a  system  function.  Instrument  calibration  consists  of  signal 
checking  within  the  instrument.  Initial  and  periodic  calibrations  must  be  performed  by  an 
electronic  technician;  however,  periodic  self-testing  by  the  instrument  is  also  required. 

Upon  computer  or  operator  command,  the  instrument  will  be  capable  of  performing 
self-tests  to  verify  proper  operation  (or  isolate  improper  operation,  at  least  to  modular  level, 
and  preferably  to  functional  level)  of  all  controls  and  signal  processing  circuits.  If  the  test 
commences  by  verifying  proper  communication  with  the  UT  module  computer,  then  the 
remainder  of  the  test  may  be  interactive  with  the  UT  module  computer.  The  test  will  provide 
a  calibrated  signal  or  set  of  signals  into  some  stage  of  the  receiver,  adequate  to  allow 
determination  of  correct  or  incorrect  functioning  of  any  portion  of  the  instrument.  'l'he 
self-test  need  not  be  redundant  with  tests  that  can  reasonably  be  carried  out  using  the 
transducer  and  tank,  but  rather  the  self-test  is  intended  to  (1)  assure  whether  transducer-tank 
tests  can  be  carried  out,  and  (2)  aid  in  troubleshooting  if  the  system  is  malfunctioning  to  the 
extent  that  transducer-tank  tests  cannot  be  performed. 

3.4.6  Resolution 

The  instrument  will  be  capable  of  detecting  a  0.015  in.  (0.58  mm)  diameter  flat  reflector 
located  0.050  in.  (0.76  mm)  below  the  surface  of  a  test  block.  The  0.050  in.  resolution  fills  the 
gap  between  eddy  current  and  conventional  ultrasonic  inspection.  “Baseline  resolution"  (visual 
separation,  to  the  baseline,  of  front-surface  and  echo  signals)  is  not  required;  however,  reliable 
and  repeatable  detection  must  be  demonstrated,  under  automatic  setup  conditons. 

3.4.7  Receiver 

3.4.7. 1  Genera I  Requirements 

The  receiver  will  be  a  broadband  design  having  a  frequency  response  with  -5  dB  points 
at  1.0  MHz  or  less  and  50.0  MHz  or  greater,  and  an  input  impedance  of  50  ohms.  The  50  MHz 
bandwidth  is  sufficient  for  0.050  in.  resolution.  A  higher  bandwidth  would  begin  to  run  into 
attenuation  limits  in  water  and  disk  material.  The  receiver  noise  referenced  to  the  input  will 
be  no  more  than  50  microvolts  rms  in  broadband  mode,  and  15  microvolts  rms  in  tuned  modes, 
when  measured  in  accordance  with  Appendix  V  of  Specification  BNW  705-7.  l'he  receiver 
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maximum  gain  will  be  at  least  sufficient  to  provide  full-screen  deflection  for  110  microvolt 
input.  It  will  have  a  linear  dynamic  range  of  at  least  36  dB  at  all  gain  settings  when  tested  in 
accordance  with  Appendix  VI  of  Specification  BNW  705-7. 

3.4. 7.2  Gain 

The  receiver  gain  will  be  adjustable  in  1  dB  steps  over  the  full  range  of  0.80  dB.  Overall 
accuracy  will  be  ±1.5  dB  over  the  full  range.  Relative  accuracy  between  all  pairs  of  settings 
will  be  between  0.8  and  1.2  (see  below). 

The  overall  gain  of  80  dB  is  adequate  to  permit  analysis  of  unsaturated  signals,  from  the 
high-frequency  noise  level  through  a  low-frequency  flat  plate  reflection.  The  1  dB  step  size, 
combined  with  a  5%  gate  level  adjustment,  permits  gating  and  analysis  at  any  required  level. 
The  absolute  and  relative  accuracies  are  sufficient  to  permit  repeatable  measurements,  yet 
achievable  with  current  technologies.  Higher  accuracies  would  not  enhance  the  system,  as 
mechanical  and  acoustical  limitations  intervene. 

Relative  accuracy  of  two  gain  settings  means  the  ratio  Dn/Da,  where  Dn  is  the  nominal 
difference  between  the  two  gain  settings  and  Da  is  the  actual  difference  between  the  receiver 
gains  at  those  settings.  (The  intent  of  this  requirement  is  to  preclude,  for  example,  a  nominal 
gain  of  31  having  an  actual  gain  of  32,  with  a  nominal  gain  of  32  having  an  actual  gain  of  31, 
which  is  permitted  by  the  ±  1.5  dB  overall  requirement. 

3.4. 7.3  Avoiding  Saturation 

Circuitry  will  be  provided  at  the  receiver  input  to  supress  the  transmit  or  excitation  pulse 
to  minimize  overdriving  the  amplifier  when  used  in  the  pulse-echo  mode  and  afford  the 
specified  resolution  capability.  If  any  amplification  stage  becomes  saturated,  then  all  suc¬ 
cessive  stages  will  be  working  with  a  saturated  signal,  which  no  longer  bears  a  linear 
relationship  to  the  received  rf  signal  from  the  transducer.  If  the  signal  is  saturated  at  all 
stages,  this  is  no  prohlem;  however,  if  a  later  stage  displays,  say,  an  80%  signal  out  in  response 
to  a  saturated  signal  in,  then  all  instrument  outputs  above  80%  become  suspect.  To  prevent 
nonlinear  operation,  the  receiver  will  be  designed  to  saturate  first  at  the  final  stage  of 
amplification,  at  all  gain  settings  (in  other  words,  only  an  “off-screen,”  or  out-of-range,  signal 
can  be  caused  by  saturation;  signal  clipping  at  lower  amplitudes  cannot  occur);  this  criterion 
will  apply  also  to  the  attenuated  backface  signal  monitored  by  the  back  face  gate.  In  the  case 
of  the  backface  signal,  in  which  the  instrument  gain  is  raised  by  time-dependent  gain,  it  is 
important  that  the  back-echo  attenuation  be  performed  before  (or  as  part  of),  but  not  after, 
the  time-controlled  gain;  or  a  separate  amplification  and  detecting  circuit  may  be  used  for  the 
back-echo  gate. 

3.4.7  4  Buffered  Rf 

A  buffered  rf  signal  from  the  final  stage  of  amplification,  having  equivalent  frequency 
response  and  linear  dynamic  range  as  the  receiver,  will  be  provided  on  an  externally  accessible 
BNC  connector;  output  impedance  will  be  50  ohms.  'Phis  is  required  for  input  to  the  Signal 
Acquisition  and  Digitizing  Instrumentation.  At  maximum  gain,  a  30  microvolt  input  to  the 
receiver  will  result  in  at  least  an  0.1  volt  output. 

3. 4. 7. 5  Time-Dependent  Gain 

The  receiver  will  provide  time  dependent  gain  and  hack -echo  attenuation.  The  purpose 
ol  the  time-dependent  gain  will  be  to  compensate  for  attenuation,  beam  spread,  and 
front -surface  effects.  The  feature  will  vary  the  gain  by  up  to  2.5  dB  per  microsecond 
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(equivalent  to  20  dlt/in.  roundtrip  in  highly  attenualive  powder  metal),  variable  in  at  least 
four  sequential,  separately  controllable  exponential  segments  or  eight  sequential  linear  seg¬ 
ments.  The  length  of  each  segment  will  be  adjustable  in  increments  of  0.1  microseconds  or  less. 
The  minimum  length  of  the  first  segment  will  be  0.3  microseconds  or  less.  The  minimum 
length  of  ail  other  segments  will  be  1.0  microseconds  or  less.  The  maximum  length  of  each 
segment  will  be  12.0  microseconds  or  greater.  The  first  segment  will  be  capable  of  reverse 
compensation  (positive  gain  slope,  with  near-surface  gain  greater  than  gain  at  depth)  to 
compensate  for  front-surface  effects. 

3.4.8  Video  Processor 

The  video  processor  will  convert  rf  signals,  in  the  frequency  range  1.0  to  30.0  MHz,  to 
rectified  signals  and  will  have  a  bandwidth  with  -3  dB  points  at  1  MHz  or  less  and  50  MHz 
or  greater.  The  rectification  mode  will  be  selectable  among  full-wave,  half-wave-positive,  and 
half-wave-negative.  Using  a  tone  burst,  the  rectified  peaks  of  the  detected,  unfiltered  signal 
will  be  balanced  within  10%  for  all  frequencies.  The  linear  dynamic  range  will  have  the  same 
requirements  as  the  receiver. 

3.4.9  Video  and  Vertical  Amplifier 

A  video  and  vertical  amplifier  section  will  be  provided  for  presenting  the  signals,  gate 
positions,  and  alarm  thresholds  on  the  cathode  ray  tube.  The  video  and  vertical  amplifier 
section  will  have  a  frequency  response  sufficient  to  display  25  MHz  rectified  signals:  specifi¬ 
cally,  -3  dB  points  at  1.0  MHz  or  less  and  30.0  MHz  or  greater.  It  will  have  a  linear  dynamic 
range  meeting  the  same  requirements  as  the  receiver.  As  a  minimum  requirement,  the  gain  of 
the  video  and  vertical  amplifier  section  will  be  sufficient  to  compensate  for  losses  in  the  video 
processing  network. 

3.4.10  Sweep  Circuits 

The  sweep  circuit  will  provide  selectable  sweep  speeds  from  0.1  microseconds  per 
centimeter  through  0.2  milliseconds  per  centimeter.  Sweep  speed  increments  will  be  a  1,  2,  5 
sequence  or  finer.  A  control  (which  need  not  be  remotely  controllable)  will  provide  10X 
expansion  at  each  sweep  speed.  The  expansion  will  be  centered  at  the  center  of  the  horizontal 
sweep,  adjustable  manually  in  0.01  microsecond  increments  at.  the  highest  sweep  speed.  A 
visual  indication  will  alert  the  operator  when  the  I0X  expansion  is  in  effect.  Sweep  speeds  will 
be  within  1%  of  nominal  values.  The  low  sweep  speed  enables  detection  and  visualization  ol 
distant  objects  in  the  tank.  The  highest  speed  enables  visualization  of  high  frequency  trans¬ 
ducer  waveforms. 

3.4.11  Sweep  Delay 

A  sweep  delay  will  provide  a  delay  of  up  to  1.5  milliseconds  before  the  start  of  the  sweep, 
adjustable  in  increments  of  0.05  microseconds  or  less.  The  beginning  of  the  delay  will  be 
selectable  to  any  of  the  following:  initial  pulse,  interface  signal,  or  beginning  of  any  gate.  The 
delay  circuitry  will  also  include  a  hold-off  delay,  which  will  prevent  the  detection  of  an 
interface  signal  from  occurring  earlier  than  the  selected  hold-off  period.  The  hold-off  delay  will 
be  synchronized  to  the  initial  pulse,  and  will  be  adjustable  to  the  same  requirements  as  the 
delay. 

3.4. 12  Display 

The  l IT  instrument  will  have  a  CRT  with  a  viewing  area  at  least  I  in.  square.  The  display 
is  required  primarily  Ibr  engineering  use  in  methods  development  and  “training"  the  computer 
system.  It  is  also  useful  as  a  visual  indication  that  the  equipment  is  functioning  properly.  The 


bright  ness  of  I  In-  display  will  bo  automatically  regulated  In  provide  comfortable  viewing  al 
liit-h  sweep  speeds  and  low  enough  intensity  at  low  sweep  speeds  to  avoid  damage  or  premature 
failure  in  the  CRT.  The  display  will  be  visible  with  a  viewing  hood  at  200  Hz  rep  rate  and  0.01 
microseconds  per  centimeter  sweep  rate,  and  without  a  hood  at  sweep  speeds  of  0.1  micro¬ 
seconds  per  centimeter  or  slower.  Manual  controls  will  be  provided  for  intensity,  focus, 
astigmatism  and  horizontal  and  vertical  positioning. 

3.4.13  Signal  Gates 

Kach  receiver  will  have  a  set  of  four  signal  gates:  one  will  provide  indication  of 
presence/loss  of  front  face  signal,  one  will  provide  0  dB  to  40  dB  of  attenuation  for  back-face 
monitoring,  and  two  will  provide  signal  monitoring  for  flaws.  Each  gate  position  will  be 
indicated  by  a  “pedestal”  on  the  baseline.  Each  gate  threshold  level  except  the  front  face  gate 
will  be  indicated  by  a  horizontal  display  at  the  threshold  level,  directly  above  the  associated 
pedestal,  and  approximately  equal  in  length  to  the  pedestal.  The  gate  displays  will  turn  on  and 
off  when  the  gate  is  turned  on  and  off.  The  gates  are  the  heart  of  the  automatic  ultrasonic 
inspection.  The  visual  displays  are  for  methods  development  and  for  verification  of  proper 
operation.  'The  requirement  for  starting  one  gate  immediately  after  a  previous  gate  is  primarily 
intended  for  the  first  gate  to  follow  the  front-face  as  closely  as  possible,  to  ensure  0.020  in. 
resolution.  Two  internal  gates  are  required,  to  allow  gating  out  of  internal  reflections  without 
a  time-consuming  double  zone  inspection.  The  backface  gate  enables  detection  of  flaws  which 
interrupt  the  sound  beam  but  do  not  reflect  sound  back  towards  the  transducer.  Delay  values 
are  sufficient  to  allow  calibration  and  feature  detection  at  large  water  paths.  Delay  increments 
are  fine  enough  to  allow  accurate  positioning  of  gates. 

3.4. 13. 1  Gate  Position  (Start  Time) 

The  gate  positions  will  be  controllable  independently  as  to  synchronization  and  delay.  All 
gates  will  be  capable  synchronization  to  either  initial  pulse  or  front-face  signal.  The  delay  of 
the  front-face  gate  start  will  be  variable  from  0.5  microseconds  to  1500  microseconds,  in 
increments  of  0.5  microseconds  or  less,  accurate  to  0.05  microseconds.  The  other  gate  delays 
will  be  variable  from  0.05  microseconds  or  less,  and  will  be  capable  of  synchronization  to  the 
trailing  edge  of  any  gate.  The  minimum  delays  specified  are  for  actual  values.  Actual  values  of 
delays  will  be  within  0.01  microseconds  of  nominal  values  (0.1  microseconds  for  front-face 
gate).  All  gates  except  the  front-face  gate  will  be  capable  of  starting  within  0.01  microseconds 
of  the  end  of  any  other  gate  (e.g.,  by  a  pretrigger  synchronization). 

3.4. 13.2  Gate  Length  (Duration) 

The  length  of  each  gate  will  be  adjustable  to  the  same  specifications  as  the  position, 
except  that  synchronization  of  length  will  always  be  with  respect  to  the  start  of  the  gate. 

3.4. 13.3  Threshold  Level 

The  alarm  level  threshold  of  each  gate  will  be  adjustable  from  5%  to  100%  of  full  screen 
(%  F.S.)  in  increments  of  5%  F.S.  or  less.  The  threshold  level  will  correspond  within  2%  F.S. 
to  the  signal  amplitude  level:  for  example,  if  the  threshold  is  set  to  26%  F.S.,  then  it  will 
discriminate  between  signals  less  than  24%  F.S.  and  signals  greater  than  28%  F.S.;  signals 
between  24%  and  28%  might  cause  sporadic  triggering  of  the  alarm. 

The  threshold  level  must  be  accurately  specified  in  order  to  ensure  repeatable  inspec 
tions.  A  5%  increment,  in  conjunction  with  the  1  dB  gain  adjustment,  is  both  adequate  and 
achievable.  The  repeatability  of  high-speed  peak  detectors  is  inadequate  for  tighter  tolerances 
than  those  specified. 


3.4. 13.4  Alarm 


The  alarm  will  be  selectable  between  positive  polarity  (triggers  when  signal  amplitude  is 
greater  than  threshold)  and  negative  polarity.  It  will  be  selectable  to  trigger  after  one  to  five 
successive  instrument  repetitions  during  which  a  signal  goes  above  (positive)  or  below 
(negative)  the  threshold.  The  alarm  will  provide  a  signal  capable  of  causing  an  interrupt  and 
flag  to  the  UT  system  controller. 

The  instrument  will  provide  a  two-tone  audible  alarm.  One  tone  will  sound  momentarily 
when  the  alarm  turns  on  and  the  other  when  the  alarm  turns  off.  The  audible  alarm  will  be 
enabled  and  disabled  under  manual  control  only. 

The  audible  alarm  is  used  only  for  setup  and  methods  development.  The  usual  audible 
alarm  is  unsatisfactory  because  in  order  to  be  heard,  it  must  be  so  loud  as  to  be  irritating.  A 
momentary  alarm,  with  two  tones  to  allow  the  engineer  to  distinguish  between  the  signal’s 
coming  into  the  gate  (or  above  the  threshold)  and  leaving  the  gate  (or  dropping  below  the 
threshold)  overcomes  this  problem. 

3.4. 14  Digital  Output 

All  digital  interchange  with  the  UT  controller  and  other  instrumentation  shall  be  via 
IKKK  488  bus.  In  addition  to  the  instrument  control  functions  (described  under  Section  .'1.4.2, 
Instrument  Control),  the  following  information  will  be  provided  by  the  instrument  to  the  UT 
controller:  gated  signal  information  and  alarm  information. 

3.4. 14. 1  Gated  Signal  Information 

The  instrument  will  provide  digitized  amplitude  and  position  for  the  largest  signal  in 
each  gate  except  for  the  front-face  gate.  The  amplitude  information  will  be  in  increments  no 
larger  than  1%  of  full  screen  (F.S.),  accurate  and  repeatable  to  ±  2%  F.S.  (within  the  limits 
imposed  by  video  signal  variation). 

The  position  information  will  be  in  units  no  larger  than  0.1  microseconds.  The  zero 
position  reference  will  be  selectable  between  interface  time  and  gate  start  time  (for  the 
front  face  gate,  selectable  between  initial  pulse  and  gate  start).  The  position  will  be  accurate 
within  1%  of  the  value  or  0.1  microseconds,  whichever  is  larger,  and  repeatable  within  the 
limits  of  video  signal  variation.  The  difference  between  position  information  for  any  two 
positions  will  be  accurate  within  1%  of  the  actual  difference  between  those  positions. 

The  UT  controller  will  select  the  gate(s)  from  which  information  is  desired. 

3.4. 14.2  Alarm  Information 

The  activation  of  any  alarm  will  cause  a  signal  capable  of  interrupting  the  UT  controller. 
This  signal  will  be  repeated  once  during  each  repetition  of  the  instrument  cycle,  until  it  has 
been  acknowledged  and  the  alarm  has  turned  off.  The  instrument  will  inform  the  UT 
controller,  upon  request,  as  to  which  alarm(s)  caused  the  interrupt. 

3.4.15  Analog  Output 

Analog  output  for  calibration  and  signal  analysis  will  consist  of  a  .r>0  ohm  buffered  RF 
signal  (nominal  0.1  to  5.0  V  peak-to-peak)  and  a  selectable  timing  signal  to  enable  gating  of  an 
external  instrument  on  a  given  portion  of  the  UT  signal.  The  timing  signal  will  be  a  TT1. 
compatible  pedestal  coincident  with  a  selected  gate. 


3.4.16  Digital  Interfacing 


Digital  communication  will  follow  the  IKKK  488  spec,  except  that  maximum  total  cable 
length  will  be  as  required  for  the  UT  system  layout,  and  driver,  receiver,  and  cable  character¬ 
istics  will  be  as  required  for  that  cable  length. 

Instrument-dependent  communications  will  include  all  instrument  control  information 
and  all  gate  information.  Additionally,  the  signal  digitizing  instrumentation  will  be  controlled 
bv  the  IKKK  488  bus. 

3.4. 17  Signal  Acquisition  and  Digitizing  Instrumentation 

The  ultrasonic  instrumentation  will  include  a  signal  acquisition  device  capable  of  digitiz¬ 
ing  an  ultrasonic  waveform  for  use  in  digital  signal  processing  for  indication  evaluation.  The 
signal  acquisition  device  may  be  an  integral  part  of  the  UT  instrument,  or  it  may  be  a  separate 
instrument.  In  either  case,  it  will  communicate  via  the  IKKK  488  bus. 

The  instrument  may  be  either  a  real-time  or  a  sampling  device.  If  it  is  a  sampling  device, 
then  references  to  “time”  in  this  section  will  be  understood  as  “equivalent  time,”  i.e.,  time  as 
measured  on  an  oscilloscope  presentation  of  the  repetitive  signal. 

The  linearity,  noise  characteristics,  and  bandwidth  of  the  acquisition  instrument  will  at 
least  meet  the  receiver  specifications  except  that  linear  dynamic  range  is  20  dB.  Input 
impedance  will  be  50  ohms.  The  minimum  sampling  time  of  the  acquisition  instrument  will  be 
4  nanoseconds  or  less.  It  will  be  capable  of  acquiring  and  transmitting  to  the  UT  controller  at 
least  one  data  point  during  each  repetition  cycle  of  the  UT  instrument.  It  will  acquire  data 
during  the  lime  that  the  output  rate  from  the  UT  instrument  is  high.  It  will  be  capable  of 
acquiring  at  least  256  consecutive  samples  (in  equivalent  time,  for  a  sampling  instrument).  The 
resolution  will  be  at  least  eight  bits,  or  1  part  in  256,  with  a  sensitivity  of  at  least  0.5  volts  full 
scale,  i.e.,  a  resolution  of  approximately  2  millivolts  at  0.5  volts  full  scale,  20  millivolts  at  5.0 
volts  full  scale,  etc. 

3.4. 18  Transducers 

Transducers  will  be  high damped,  waterproof  units,  using  UHF  connectors,  with  ()-ring 

seals. 


The  proper  method  of  transducer  characterization  is  a  subject  of  much  study  and  intense 
debate  in  the  ultrasonic  community.  For  a  complex,  sophisticated  method,  see,  for  example. 
Appendix  II  of  Specification  BNVV  705-7.  In  the  RFC'  system,  transducer  and  system 
characteristics  are  comprehended  within  the  signal  analysis  processing  done  on  the  digitized 
waveforms. 

3.4. 18. 1  Damping 

Damping  will  be  adequate  to  permit  required  front -face  resolution. 

3  4. 18.2  Frequency 

Frequency  will  be  measured  by  spectral  analysis  of  the  buffered  rl  output  of  the 
reflection  from  the  front  surface  of  the  calibration  lixturing.  I’eak  frequency  will  be  within 
10%  of  manufacturer's  specification. 
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3.4. 18.3  Beam  Pattern 


The  focal  point  will  be  the  distance  required  to  achieve  maximum  reflected  amplitude 
(peak-to-peak  rf)  from  the  front  surface  of  the  calibration  fixture.  This  value  will  be  within 
10%  of  that  specified  by  the  manufacturer.  The  beam  symmetry  will  be  measured  at  a  distance 
of  twice  the  focal  distance.  The  half-amplitude  contour  will  be  mapped,  using  the  digitized 
amplitude  of  the  full-wave,  wide-band  reflection  from  the  calibration  fixture  1/8  in.  (3.2  mm) 
sphere.  This  contour  will  not  vary  more  than  20%  from  a  circle  centered  at  the  point  of 
maximum  amplitude  at  that  distance. 

3.4.19  Acoustic  Calibration  Fixturing 

The  acoustic  calibration  fixturing  will  consist  of  a  block  or  set  of  blocks,  mounted  in  the 
inspection  tank,  containing  a  flat  front  surface,  a  1/8  in.  sphere,  and  internal  reflectors.  It  will 
be  constructed  following  the  principles  of  ASTM  E127-75. 

3.4. 19. 1  Flat  Front  Surface 

The  fixture  will  contain  an  unobstructed  front  surface,  at  least  2  in.  (51  mm)  in  diameter, 
with  a  specularly  reflecting  finish. 

3.4.19  2  Sphere 

The  fixture  will  provide  a  1/8  in.  hemispherical  surface,  with  a  specularly  reflecting 
finish,  projecting  at  least  1/2  in.  (12  mm)  above  the  flat  surface. 

3.4. 19.3  Internal  Reflectors 

The  fixture  will  contain  circular  discontinuities  of  0.015  in.  (0.38  mm),  0.030  in.  (0.76 
mm),  and  0.060  in.  (1.5  mm)  diameters,  four  of  each,  located  0.030  in.  (0.76  mm),  0.060  in.  (1.5 
mm),  0.120  in.  (3.1  mm),  and  0.240  in.  (6.1  mm)  below  the  front  surface.  Flat-bottom  drilled 
holes  will  be  acceptable. 

3.4.20  Enhancements 

The  following  items  are  desirable,  but  have  not  been  included  as  part  of  the  basic- 
specification  because  of  higher  risk  in  timely  development  of  methods  and  equipment. 

3.4.20. 1  Satellite  Pulser 

The  satellite  pulser  will  be  a  miniature  submersible  unit  for  driving  piezoelectric 
transducers  with  no  cable  intervening  between  the  pulser  and  the  transducer.  The  unit  may 
include  the  transducer  and/or  a  receiver.  Each  unit  will  operate  in  at  least  one  of  the 
frequencies  and  modes  (transmit-receive  or  pulse-echo)  specified  in  the  description  of  the 
pulser,  according  to  the  specifications  given  there.  The  unit  will  generate  a  pulse  in  response 
to  a  timing  signal  from  the  pulser.  The  unit  power  supply  voltage  requirements  will  not  exceed 
24  volts  rms  (A.C.  or  D.C.).  The  units  will  be  supplied  in  a  sufficient  variety  of  configurations 
(several  interchangeable  units)  to  permit  operation  in  each  of  the  frequencies  and  modes 
specified  in  the  pulser  description. 

The  purpose  of  this  unit  is  to  eliminate  the  impedance  mismatches,  and  consequent 
energy  losses  and  pulse  distortions,  incurred  in  cabling  from  the  pulser  to  the  transducer. 
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3.4.20.2  Satellite  Receivers  (3  Required) 

The  satellite  receiver  will  he  a  miniature  submersible  device  for  amplifying  signals  from 
piezoelectric  transducers  with  no  cable  intervening  between  the  transducer  and  the  receiver. 
The  device  may  include  the  transducer  and/or  a  pulser.  Specifications  for  this  device  will  be 
the  same  as  for  the  receiver,  except  as  follows:  gain  will  be  remotely  selectable  among  0  dB,  20 
dB,  and  40  dB;  no  frequency  selection  is  required;  output  impedance  will  be  50  ohms;  power 
supply  voltage  requirements  will  not  exceed  24  volts  rms  (A.C.  or  D.C.). 

The  purpose  of  this  device  is  to  eliminate  the  impedance  mismatches,  and  consequent 
energy  losses  and  signal  distortions,  incurred  in  cabling  from  the  transducer  to  the  receiver. 

3.4.20.3  Back  face  Receiver  and  Gate 

The  backface  receiver  will  monitor  for  small  percentage  changes  in  the  gated  hack  face 
signal.  It  will  be  capable  of  discriminating  changes  as  small  as  0.1%  of  the  signal  amplitude, 
such  as  will  be  caused  by  a  small  flaw  interrupting  a  wide  sound  beam. 

The  backface  receiver  will  have  digitizing  and  alarm  capabilities.  The  digitized  position 
will  be  specified  for  the  other  gates.  The  digitized  amplitude  will  be  in  increments  no  larger 
than  0.1%  of  signal  height.  The  current  amplitude  will  he  the  moving  average  of  the 
amplitudes  from  the  most  recent  N  instrument  repetition  cycles,  where  N  may  be  chosen  from 
one  to  ten.  The  alarm  will  trigger  if  the  current  amplitude  falls  below  the  previous  amplitude 
by  more  than  the  threshold  amount,  where  the  previous  amplitude  is  defined  as  the  moving 
average  of  the  amplitudes  from  N+l  to  N+M  repetition  cycles  prior  to  the  beginning  of  the 
current  cycle,  where  M  may  be  chosen  from  one  to  ten.  Relative  amplitude  will  be  accurate 
within  ±5%  of  the  measured  change  in  amplitude,  over  a  total  amplitude  range  from  5% 
above  to  10%  below  the  reference  amplitude. 

3.4.20.4  Phase-Insensitive  Receiving  Transducer 

The  phase-insensitive  receiving  transducer  will  be  used  in  conjunction  with  the  backface 
receiver.  The  purpose  of  the  phase-insensitive  transducer  will  be  to  reduce  the  sensitivity  of 
the  backface  monitor  to  slight  variations  in  beam  path  due  to  mechanical  motion  and  material 
inhomogeneities.  It  may  be  an  array  construction  or  other  type  (e.g.,  see  Hevman,  J.,  Acoust. 
Sue.  Am..  Vol.  64,  No.  1,  July  1978,  pp.  243  ff). 

3.4.20.5  Three-Input  Receiver 

To  provide  for  a  three-transducer  angle  beam  inspection,  as  required  for  detection  of  a 
specular  reflection  from  an  axial-radial  Haw,  with  backface  monitoring,  the  receiver  requires 
three  input  capability. 

One  input  will  be  used  for  the  return  echo  to  the  transmitting  transducer. 

The  other  two  inputs  will  be  decoupled  from  the  excitation  pulse  (at  least  40  dB 
isolation).  The  inputs  from  the  three  transducers  will  be  added  and  input  to  the  common 
receiver  circuitry.  The  summing  circuits  will  be  matched  within  10%  in  gain  and  within  4.0 
nanoseconds  in  time  delay. 

3.4.20.6  Enhanced  Position  Resolution 

In  order  to  perform  dimensional  inspection  of  parts,  time  resolution  would  require 
considerable  enhancement.  For  measurements  to  the  nearest  0.001  in.  (0.025  mm)  in  titanium, 
with  a  published  velocity  of  6.1  mm/microsecond,  a  (round-trip)  time  resolution  of  0.008 
microseconds  is  required. 
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SPECIFICATION  FOR  RECOMMENDED  MODIFICATIONS 
TO  OVERHAUL  FLUORESCENT  PENETRANT  INSPECTION 


1.0  SCOPE 


This  specification  establishes  general  procedures  for  two  modifications  to  conventional 
engine  overhaul  Fluorescent  Penetrant  Inspection  (FPI)  which  may  be  implemented  as  part  of 
the  First  generation  Retirement  for  Cause  (RFC)  Inspection  System.  One  of  these  modifica¬ 
tions  is  a  chemical  milling  pre-inspection  surface  preparation  procedure.  The  specification  will 
include  details  of  a  procedure  which  may  be  followed  to  assure  proper  selection  and  implemen 
tation  of  a  chemical  milling  process  for  any  critical  engine  component,  but  actual  selection  of 
chemical  solutions  and  assessment  of  properties  is  beyond  the  scope  of  this  current  R&l) 
program. 

The  second  suggested  modification  to  overhaul  FPI  is  implementation  of  a  hydrophilic 
penetrant  system.  Communications  with  personnel  at  Kelly  AFB  and  Tinker  AFB  during 
recent  months  have  indicated  that  hydrophilic  systems  will  probably  be  implemented  in  the 
near  term  for  general  overhaul  inspections.  Therefore,  the  following  recommendation  will  be 
complementary  to  existing  ALC  plans.  Based  upon  experience  gained  during  Air  Force 
Contract  “Methods  Improvements  of  the  Fluorescent  Penetrant  Inspection  (FPI)  Process”  it  is 
also  recommended  that  a  wet,  water  soluble  Group  VI  developer  be  used  with  the  hydrophilic 
system.  Improved  FPI  capability  to  detect  fatigue  damage  on  properly  prepared  surfaces  was 
shown  using  the  wet  developer  vs.  a  dry  powder  developer. 

Surface  preparation  procedures  considered  during  assessment  of  suitable  FPI  method 
improvements  included  mechanical,  chemical  and  combined  procedures.  The  only  surface 
preparation  which  promoted  significant  improvement  of  FPI  over  a  conventional  method 
described  by  Air  Force  T.O.  was  a  chemical  milling  operation,  as  applied  to  nickel  and 
titanium  alloy  specimens.  Specimens  had  received  simulated  engine  contamination  before 
surface  preparation. 

FPI  process  modifications  considered  during  assessment  of  suitable  FPI  method  improve 
menls  included  hydrophilic  vs  lipophilic  systems,  wet  vs  dry  developers,  penetrant,  and 
emulsifier  dwell  times,  emulsifier  concentrations,  and  stress  enhancement.  At  this  time 
stress-enhancement  is  not  considered  to  be  a  suitable  method  improvement  to  suggest  for 
general  RFC1  application,  although  considerable  improvement  was  noted  when  this  form  of 
enhancement  was  applied.  This  specification  reflects  the  results  of  the  studies  performed  on 
other  process  variables. 

2.0  APPLICABLE  DOCUMENTS 


2.1  "Reliability  of  Nondestructive  Inspection  (NI)I)  of  Aircraft  Engine  Components,”  Final 
Report  On  Phase  I,  Ward  D.  Rummel,  Martin-Marietta,  SAALC/MME  MCR  79-678. 

2.2  "Reliability  of  NDI  On  Aircraft  Structures,"  Lockheed-Georgia/Air  Force  Program 
AFLC/SAALC/MME  76-6-38-1. 

2.3  "Disk  Residual  Life  Studies,”  Part  II  of  AFWAL/P&WA  Final  Report 
AFML-TK  79-4173. 


2.4  PWA  Nondestructive  Test  Method  Speed ical ion  No.  KIM 


2.5  MIL-1  3r)l3.r>(’ 


V  C' 


2.6  "Methods  Improvement  of  the  Fluorescent  Penetrant  Inspection  (FI’I)  Process,”  Final 
Report,  AFWAL -TR-80-4161,  OCTOBER  1980. 

2.7  “Improved  Penetrant  Process  Evaluation  Criteria,”  Final  Report,  August  1981,  Air  Force 
Contract  F&1615-80-C-5060. 

3.0  SURFACE  PREPARATION  BY  CHEMICAL  MILLING 

3.1  Materials  and  Equipment 

3. 1. 1  Acid  Cleaner 

3.1.2  Alkali  Cleaner 

3.1.3  Chemical  Milling  Solution 

3.1.4  Solution  Tanks 

3.1.5  Temperature  Indicators 

3.1.6  Timers  (Mechanical  or  Electrical) 

3.1.7  Solution  Heaters 

3.1.8  Fume  Handlers,  such  as  Exhaust  Vents 

3.1.9  Overflow  Management  Apparatus 

3.1.10  Overhead  Crane  and  Component  Handling  Equipment 

3.1.11  Safety  Equipment  (such  as  gloves  or  automatic  parts  handling  equipment) 

3.1.12  Cold  Water  Pressure  Spray 

3.1.13  (  'lean  Compressed  Air  Source 

3.2  Controls 

3.2.1  Operating  Limits 

3.2.  1. 1  Acid  solutions  to  be  maintained  within  a  specified  percent -bv-volume  range. 

3.2. 1.2  Aklali  solutions  to  he  maintained  within  a  specified  weight -per-volume  range. 

3  2  1.3  Chemical  milling  rate  to  he  maintained  within  a  specified  range,  as  measured  in 
inches  per  hour  of  material  removal  or  other  appropriate  dimensions. 

3.2  14  Some  solutions  will  require  strict  control  of  temperature  and  continuous  agitation. 

3.2  1.5  Engine  component  surface  finish  must  he  substantially  free  of  excessive  roughness 
and  undercutting. 


3.2.2  Verification  Frequency 

Solutions  must  be  checked  often  until  experience  allows  verification  at  intervals  of  as  many  as 
forty  to  fifty  component  cycles.  Required  verification  frequency  will  be  strongly  dependent 
upon  sizes  of  engine  components  and  solution  bath. 

3.2.3  Solution  Verification 


3.2.3. 1  Acid  Cleaner  -  pipette  a  small  amount  of  solution  into  a  flask,  determine  normality  of 
acid,  and  calculate  acidity  percent  by  volume. 


3. 2. 3. 2  Alkali  Cleaner  -  determine  acid  normality  (N)  using  appropriate  acid  solutions,  alkali 
cleaning  factor  (H),  and  alkali  cleaner  solution  concentration.  Alkali  cleaner  solution  concentra¬ 
tion  may  be  calculated  from  the  equation: 

C  =  VNF 


where:  C 
V 
N 
F 


concentration  of  alkali  cleaner 
volume  of  acid  used 
normality  of  acid  litrant 
alkali  cleaner  factor 


3.2.3. 3  Chemcial  Milling  Solution  -  use  a  micrometer  to  measure  thickness  of  a  small  test 
panel  before  and  after  a  specified  milling  period.  Surface  finish  will  be  checked  by  visual 
examination. 


3.2.4  Solution  Level  Adjustment 

3.2.4. 1  Acid  Cleaner  -  add  acid  or  water  to  maintain  percent-by-volume  operation  range. 

3. 2. 4. 2  Alkali  Cleaner  -  calculate  the  amount  of  cleaner  which  must  be  added  to  maintain 
weight -per-volume  operating  range  and  add  the  specified  amount  of  cleaner. 


3. 2. 4. 3  Chemical  Milling  Solution  -  milling  rate  and  surface  finish  requirements  will  be 
maintained  by  addition  of  appropriate  milting  solution  constituents. 

3.2.5  Solution  Replacement 

3.2.5. 1  Acid  and  alkali  cleaners  will  be  replaced  when  they  fail  to  clean  parts  satisfactorily  or 
contamination  is  suspected.  An  arbitrary  time  limit  may  also  be  established  for  solution 
replacement. 

3.2.52  Chemical  milling  solution  will  be  replaced  when  the  milling  rate  and/or  surface 
roughness  cannot  be  controlled  by  the  addition  of  appropriate  solution  constituents.  The 
>olution  will  also  be  replaced  if  contamination  is  suspected. 

3.3  Requirement* 

3.3.1  Personnel  performing  surface  preparation  operations  will  be  properly  trained  and 
certified  In  a  qualified  l.evel  III  Kxammer. 
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3.3.2  Any  variations  from  the  established  specifications  or  equipment  malfunctions  will  he 
reported  to  the  applicable  NDE  supervision. 

3.3.3  The  inspection  area  will  he  kept  orderly  at  all  times. 

3.3.4  Applicable  NDE  supervision  will  assure  that  solutions  are  tested  and  maintained  within 
assigned  operating  limits  at  proper  intervals. 

3.3.5  I  'inters  and  temperature  indicators  will  he  calibrated  periodically,  have  calibration  “due 
dates"  posted  on  the  instruments,  and  not  be  used  if  calibration  is  past  due. 

3.3.6  Solutions  will  be  at  proper  indicated  temperatures  before  components  are  processed. 

3.3.7  All  solutions  requiring  agitation  will  he  constantly  agitated  while  components  are  being 
processed  and  at  least  15  min  prior  to  processing. 

3.3.8  Components  which  have  been  chemically  milled  will  be  suitably  protected  from  con¬ 
tamination  before  FPI  processing. 

3.4  Design,  Construction  and  Implementation 

3.4.1  Chemical  milling  solutions  will  he  chosen  according  to  simplicity  of  constituents, 
environmental  impact,  controllability  of  nonselective  milling,  cost  of  operation,  operator  safety 
and  effect  on  component  mechanical  properties. 

3.4.2  Mechanical  properties  which  must  be  assessed  for  etch  degradation  may  include  fatigue 
and  high  temperature  creep. 

3.4.3  All  mechanical  properties  assessment  will  be  conducted  on  specimens  or  components 
whose  surfaces  have  received  appropriate  production  finish  (such  as  shot  peen  or  vibratory 
barrel). 

3.4.4  A  sensitivity  study  will  be  conducted  to  determine  critical  process  variables  and  to 
establish  appropriate  boundaries  on  those  variables. 

3.4.5  Alkali  cleaning  solutions  will  be  chosen  according  to  simplicity  of  constituents,  en¬ 
vironmental  impact,  cleaning  effectiveness  for  removing  residual  smut,  solution  controllability, 
cost  of  operation,  operator  safety,  and  effect  on  component  mechanical  properties. 

3.4.6  Alkali  cleaner  solutions  will  be  subjected  to  rigorous  assessment  of  effects  on  component 
mechanical  properties  and  sensitivity  studies  of  critical  process  variables  as  outlined  above  for 
chemical  milling  solutions. 

3.4.7  Acid  cleaner  solutions  will  be  chosen  according  to  simplicity  of  constituents,  en¬ 
vironmental  impact,  effectiveness  for  neutralization  of  alkali  cleaner,  solution  controllability, 
cost  of  operation,  operator  safety  and  effect  on  component  mechanical  properties. 

3.4.8  Acid  cleaner  solutions  will  be  subjected  to  rigorous  assessments  of  effects  on  component 
mechanical  properties  and  sensitivity  studies  of  <  ritual  process  variables  as  outlined  above  for 
chemical  milling  solutions. 

3.4.9  Potential  causes  of  smeared  material  on  RFC  components  will  be  determined  and 
extent  of  smear  quantified.  Potential  sources  of  smear  metal  include  mechanical  surface 
preparation  and  galling. 


3.4.10.  Results  of  smear  metal  study  will  be  used  to  determine  proper  chemical  milling  cycles. 

3.4.11  Results  of  solution  sensitivity  studies  will  be  used  to  calibrate  system  Operating 
Limits. 

3.4.12  At  least  four  solution  tanks  will  be  required  to  hold  Chemical  Milling  Solution,  Alkali 
Cleaner,  Acid  Cleaner  and  cold  water.  Tanks  will  be  designed  to  resist  attack  and  to  be  of  large 
enough  volume  to  allow  reasonable  adjustment  periods  for  solution  constituents. 

3.4.13  Temperature  indicators  and  timers  shall  be  chosen  according  to  accuracy,  ease  of 
calibration,  readability,  reliability  and  resistance  to  production  environment. 

3.4.14  Solution  heaters  must  resist  attack  of  the  corrosive  environment.  Heaters  will  be  sized 
to  allow  easy  control  of  solution  temperatures  in  a  reasonable  amount  of  time.  Expense  and 
power  consumption  must  also  be  addressed.  Steam  and/or  resistance  heaters  are  commonly 
used  for  this  type  of  application. 

3.4.15  K  time  handlers  must  resist  corrosive  attack,  meet  environmental  and  safety  standards 
and  be  capable  of  fume  removal  in  heaviest  use  of  milling  and  cleaning  stations. 

3.4.16  Overtlow  management  apparatus  must  resist  corrosive  attack,  be  capable  of  handling  a 
major  spill  and  meet  environmental  and  safety  standards. 

3.4.17  Cold  water  pressure  spray  and  the  pure  compressed  air  source  will  be  free  of 
contaminants  such  as  oil. 

3.4.18  Overhead  crane  and  component  handling  equipment  will  be  designed  with  considera¬ 
tion  of  such  factors  as  size  of  engine  components,  resistivity  to  corrosive  attack,  safety 
considerations,  reliability,  maintainability,  cost  and  ease  of  operation. 

3.4.19  A  reliability  assessment  of  the  overall  FPI  facility  will  be  made  and  action  taken  to 
assure  at  least  50%  operational  capability  of  the  facility  in  the  event  of  a  major  system  failure. 

3.4.20  Safety  equipment  will  meet  all  applicable  standards  and  specifications. 

3.5  Chemical  Milling  Procedure 

3.5.1  The  following  procedure  contains  steps  which  are  similar  to  those  used  by  I'&WA  in 
production  operations.  Depending  upon  individual  components  and  selection  of  milling  solu¬ 
tions,  etc.,  the  procedure  may  not  be  entirely  applicable. 

3.5.2  Component  may  receive  initial  chemical  cleaning  to  remove  loose  foreign  materials. 

3.5.3  Component  may  receive  mechanical  surface  preparation,  such  as  vapor  blast,  to  remove 
scale  and  baked  on  contamination. 

3.5.4  Assure  that  component  is  free  of  dirt,  oil  and  other  foreign  material  before  chemical 
milling  operation.  If  part  is  contaminated,  the  diem  mill  operation  may  selectively  attack 
surfaces. 

3.5.5  Prepare  component  by  immersion  in  temperature-controlled  alkali  cleaner  for  a  sped 
lied  time  period. 

3.5.6  Rinse  in  cold  running  water.  If  water  breaks  appear,  repeat  alkali  cleaner  step  and  rinse. 


3.5.7  Immerse  part  in  temperature-controlled  agitated  chemical  milling  solution  for  a  time 
sufficient  to  remove  the  specified  amount  of  material. 

3.5.8  Immediately  rinse  in  cold  water. 

3.5.9  Immerse  part  in  temperature-controlled  alkali  cleaner  for  a  specified  time  period. 

3.5.10  Rinse  in  cold  running  water. 

3.5.11  Told  water  pressure  spray  to  remove  loose  smut  and  reimmerse  in  cold  running  water. 

3.5.12  Immerse  in  agitated  Acid  Cleaner  Solution  for  a  specified  time  period. 

3.5.13  Rinse  in  cold  running  water. 

4.0  HYDROPHILIC  PENETRANT  SYSTEM  WITH  WET,  WATER  SOLUBLE  DEVELOPER 

4.1  Materials  and  Equipment 

4.1.1  Materials  and  equipment  which  are  considered  by  this  section  are  only  those  which  will 
he  required  in  addition  to,  or  in  place  of,  components  of  a  conventional  lipophilic  system. 

4.1.2  Croup  VI  (MIL-l-25i:if»C)  Hydrophilic  Emulsifier,  such  as  Magnaflux  ZR-10A. 

4.1.3  Premise  station  between  penetrant  and  emulsifier  station. 

4.1.4  Croup  VI  (MIL  l-2M:if>C)  Wet,  Water  Soluble  Developer,  such  as  Manaflux  ZP-LIA. 

4.1.5  Air  agitator  (or  stir  mechanism)  and  skimming  weir  for  emulsifier  dip  tank,  if  dip  mode 
is  selected;  or  spray  and  recovery  system  may  be  installed  for  hydrophilic  emulsifier  upplica 

t  ion. 

4.1.6  Dip  tank  with  mild  agitation  for  developer  application. 

4.2  Controls 

4.2.1  Controls  which  are  considered  by  this  section  are  only  those  which  will  be  required  in 
addition  to.  or  in  place  of.  controls  required  of  a  conventional  lipophilic  system. 

4.2.2  Hydrophilic  emulsifier  must  be  maintained  within  a  specified  concentration  range  and 
contain  so  little  penetrant  material  that  there  is  no  appreciable  background  fluorescence  after 
part  emulsification  over  a  reasonable  period  of  time. 


4.Z3  Wet,  water  soluble  developer  must  be  maintained  within  a  specified  concentration  range 
and  be  thoroughly  mixed  to  provide  an  even  coating  on  FPI-processed  components. 

4.3  Solution  Verification 


4.3.1  Hydrophilic  emulsifier  may  be  checked  on  a  continuous  basis  (concentration  will  be 
checked  at  least  once  every  week).  Emulsifier  has  a  limited  penetrant  tolerance,  so  time 
required  for  acceptable  removal  of  excess  penetrant  will  increase  as  the  bath  is  used. 

4.3.2  Wet,  water  soluble  developer  will  be  examined  periodically  for  contamination. 

4.4  Solution  Replacement 

4.4.1  Hydrophilic  emulsifier  will  be  replaced  when  emulsification  time  required  to  eliminate 
background  fluoresence  becomes  excessive  (approximately  six  months  to  one  year  intervals). 
Addition  of  emulsifier  instead  of  solution  replacement  is  not  recommended.  An  effective  weir 
or  penetrant  skimming  system  at  this  station  will  prolong  life  of  the  emulsifier. 

4.4.2  Wet,  water  soluble  developer  will  be  replaced  if  contamination  is  suspected. 

4.5  Requirements 

4.5.1  Requirements  which  are  considered  by  this  section  are  only  those  which  must  be 
considered  in  addition  to,  or  in  place  of,  requirements  of  a  conventional  lipophilic  system. 

4.5.2  Appl  icable  NDR  supervision  will  assure  that  solutions  are  checked  and  maintained 
within  assigned  operating  limits. 

4.5.3  Solution  requiring  agitation  will  be  constantly  agitated  while  components  are  being 
processed  and  at  least  15  minutes  prior  to  processing. 

4.5.4  The  hydrophilic  system  will  have  a  prerinse  station  before  emulsification  to  promote 
optimum  useful  life  of  the  emulsifier  solution. 

4.5.5  The  conventional  dry  developer  station  would  be  replaced  by  a  station  to  apply  wet. 
water  soluble  developer,  and  component  drying  would  then  be  conducted  alter  application  of 
developer. 

4.5.6  Timing  of  the  emulsification  step  is  more  critical  when  using  a  hydrophilic  system  than 
when  a  lipophilic  system  is  employed. 

4.5.7  Some  hydrophilic  emulsifiers  are  biodegradable  and  have  a  finite  pot  life. 


4.6  Design,  Construction  and  Implementation 

4.6.1  In  •ms  considered  in  this  section  are  only  those  which  must,  he  considered  in  addition  to, 
or  in  place  of,  a  conventional  lipophilic  system. 

4.6.2  An  existing  lipophilic  emulsifier  tank  may  be  converted  to  a  hydrophilic  station  by 
cleaning  and  rustproofing  interior  surfaces. 

4.6.3  If  dip  mode  is  selected  for  the  hydrophilic  emulsifier  station,  agitation  must  be  vigorous 
enough  to  apply  a  scrubbing  action  to  engine  components. 

4.6.4  If  spray  mode  is  selected  for  the  hydrophilic  emulsifier  station,  solution  spray  must  be 
of  sufficient  pressure  to  apply  a  scrubbing  action  to  engine  component  surfaces. 

4.6.5  If  dip  mode  is  selected  for  the  hydrophilic  emulsifier  station,  a  skimming  weir  may  be 
employed  to  prolong  useful  life  of  the  emulsifier  solution. 

4.6.6  If  spray  mode  is  selected  for  the  hydrophilic  emulsifier  station,  a  recovery  system  with 
suitable  tank,  filter  and  skimming  apparatus  may  be  employed  to  reuse  the  emulsifier. 

4.6.7  The  prerinse  station  will  be  located  between  penetrant  and  emulsifier  stations.  A  water 
spray  prerinse  at  15  to  30  psi  will  be  adequate.  To  meet  environmental  codes,  a  holding  tank 
and  oil  separator  may  be  required  at  this  station. 

4.6.8  To  apply  wet,  water  soluble  developer,  a  dip  tank  with  mild  agitation  will  be  installed 
before  the  drying  station.  It  will  not  he  necessary  to  dry  engine  components  before  developer 
application. 

4.7  Fluorescent  Penetrant  Inspection  Procedure 

4.7.1  The  following  procedure  contains  steps  which,  (1)  are  recommended  by  vendors  of 
inspection  apparatus,  (3)  are  similar  to  steps  performed  by  1*&WA  in  production  and  overhaul 
inspection,  and  (31  have  been  determined  to  produce  optimum  inspection  for  fatigue  damage 
during  United  States  Air  Force  Research  and  Development  (K&D)  programs 

4.7.2  Perform  surface  preparation  according  to  Section  3.5.  Normal  overhaul  surface  prepara 
tion  often  leaves  residual  baked-on  contamination  on  engine  components.  It  is  therefore 
recommended  that  a  chemical  cleaning  process,  followed  by  a  mechanical  process  (e  g.,  vapor 
blast.)  followed  by  chemical  milling  be  employed  to  promote  optimum  FPI. 

4.7.3  Parts  will  be  clean  and  thoroughly  dry  before  application  of  penetrant. 


4.7.4  Post-emulsifiable  Group  VI  (MIL-I-25135C)  penetrant  may  be  dipped,  sprayed  or 
brushed  onto  inspection  surfaces.  Magnaflux  ZL-30  was  used  during  Air  Force  R&D  programs. 
Penetrant  dwell  time  of  30  minutes  provided  optimum  sensitivity. 

4.7.5  Spray  prerinsing  is  used  to  remove  approximately  98%  of  the  surface  penetrant.  A 
simple  holding  tank  and  separator  may  be  employed  to  recycle  penetrant  and  water. 

4.7.6  Removal  of  remaining  excess  penetrant  oil  is  performed  at  the  emulsifier  station. 
Hydrophilic  emulsifier  was  applied  at  a  concentration  of  33%  (dip  mode)  to  achieve  optimum 
FPI  during  several  P&WA  demonstrations.  However,  a  spray  application  may  be  used  and 
emulsifier  concentration  may  be  varied  according  to  length  of  time  desired  for  the  emulsifica¬ 
tion  step.  Emulsification  time  of  two  minutes  was  shown  to  be  optimum  for  detection  of 
fatigue  damage  on  properly  prepared  nickel  and  titanium  alloy  surfaces.  The  emulsification 
timing  is  more  critical  for  a  hydrophilic  system  than  for  a  lipophilic  system,  since  emulsifica¬ 
tion  stops  when  parts  are  removed  from  the  dip  tank  and  dragout  is  minimal.  Magnaflux 
ZR-10  emulsifier  was  used  during  two  recent  Air  Force  R&D  programs. 

4.7.7  Actual  emulsifier  solution  contact  time,  dip  or  spray,  must  be  determined  experimen¬ 
tally  and  depends  upon  such  factors  as  type  of  penetrant  employed,  remover,  concentration, 
part  size,  geometry,  surface  finish,  and  age  of  emulsifier  solution. 

4.7.6  Final  rinse  may  be  conducted  by  dip  or  spray.  A  superior  rinse  is  achieved  by  using  a 
combination  immersion  rinse  tank  and  touchup  manual  water  spray  rinse,  and  is  especially 
effective  on  parts  with  restrictions  such  as  tight  radii  and  blind  holes. 

4.7.9  Wet,  water  soluble  developer  may  be  applied  immediately  after  final  rinse  without 
drying  engine  parts.  Magnaflux  ZP-13A  (dip  mode)  was  used  during  United  States  Air  Force 
R&D  programs. 

4.7.10  Hot  air  drying  for  a  short  period  of  time  is  used  to  produce  optimum  FPI  indications. 


4.7.11  Black  light  evaluation  of  indications. 
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56  IEEE  RECOMMENDED  PRACTICE 

57 

58 

59  This  Recommended  Practice  is  written  as  a  companion  for  and  extension  to 

60  IEEE  Standard  488-1978.  The  reader  should  be  thoroughly  familiar  with 

61  IEEE  Standard  488  to  best  understand  and  utilize  the  content  of  this 

62  document.  Though  written  from  the  perspective  of  the  device  designer, 

63  users  who  design,  assemble,  or  program  systems  will  find  this  document 

64  helpful. 

65 

66 

67  Since  this  document  elaborates  several  different  alternatives  to  accomplish 

68  equivalent  or  similar  message  transfers  it  is  identified  as  a  Recommended 

69  Practice  (guidelines)  rather  than  a  Standard  (in  absolute  terms).  Informa- 

70  tion  interchange  applicable  to  IEEE  Standard  488  has  not  yet  matured  to  the 

71  point  where  a  meaningful  standard  on  codes  and  formats  can  be  written. 


72  This  Recommended  Practice  defines  what  is  considered  to  be  a  useful  + 

73  set  of  code  and  format  conventions.  Users  may  inform  the  IEEE  + 

73.1  Standards  office  of  any  significant  problems  encountered  in  the  use  + 

73.2  of  this  Recommended  Practice  by  completing  the  form  attached  to  + 

73.3  this  document.  + 


74 

75 

76 

77  NOTE 

78  RELATION  TO  IEC  PUBLICATION  625-2 

79 

80 

81  This  IEEE  Recommended  Practice  deals,  in  part,  with  the  same  subject  matter 

32  as  IEC  Publication  625-2,  however  the  content  of  these  documents  is  not 

83  identical.  While  the  technical  content  of  both  documents  are  in  general 

84  agreement  where  the  subject  matter  is  similar,  the  use  of  syntax  diagrams 

85  and  definitions  contained  in  this  document  is  thought  to  add  significant 

86  clarity.  In  addition,  this  document  contains  recommendations  for  the  for— 

87  mat  of  character,  string  and  block  data  not  now  contained  in  IEC 

88  625-2.  Users  interested  in  Interconnecting  products  designed  to  these  two 

89  documents  are  cautioned  to  examine  both  the  documents  and  related  products 

90  in  detail. 
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IEEE  Standard  488-1978,  "Digital  Interface  for  Programmable  Instru¬ 
mentation"  sets  forth  the  device-independent  mechanical,  electrical 
and  functional  specifications  necessary  to  support  the  configuration  of 
programmable  instruments  using  a  byte-serial  bit-parallel  means  to  transfer 
digital  data  among  Interconnected  Instruments  and  apparatus.  A  fourth 
category  of  specifications  dealing  with  the  more  operational  aspects  of  an 
Interface  system  is  necessary  to  enable  the  configuration  of  an  operational 
system.  Operational  specifications  for  systems  and  devices  tend  to  be  more 
device  and  system  dependent.  Program  and  measurement  message  formats,  app¬ 
lication  software,  and  diagnostic  routines,  are  examples  of  operational 
related  capabilities.  This  Recommended  Practice  addresses  the  structure 
and  format  of  several  message  types  needed  to  support  the  more  operational 
aspects  of  systems.  No  single  code  set  and  message  format  appears  to  be 
feasible,  for  use  with  IEEE  Standard  488,  and  still  support  the  overall 
objective  of  permitting  a  wide  range  of  products  and  product  capabilities 
to  be  interfaced.  It  is  feasible,  however,  to  define  a  limited  set  of 
guidelines  and  alternatives  setting  forth  a  number  of  different  codes  and 
formats  generally  applicable  to  products  implemented  with  IEEE  Standard  488 
capability.  The  "Code  and  Format  Conventions"  of  this  Recommended  Practice 
reflect  the  general  customs  and  practice  found  useful  for  the  exchange  of 
device-dependent  messages. 

The  word  "code"  as  used  herein  refers  to  the  pattern  of  bits  in  a 
device-dependent  data  byte  (DAB  message).  Unless  otherwise  stated,  the 
7-bit  coded  character  set  used  in  this  Recommended  Practice  is  the  ASCII 
7-bit  code*.  The  ASCII  7-bit  code  and  Its  relation  to  the  DIO  lines  of  IEEE 
Standard  488  is  defined  in  Sections  10  and  11. 

The  word  "format"  as  used  herein  refers  to  the  organization  of  data  bytes 
within  commonly  used  device-dependent  messages. 


This  Recommended  Practice  uses  the  same  letter  mnemonics  (e.g.,  END,  SPAS, 
DAB)  to  refer  to  remote  messages  and  interface  states  as  used  throughout 
IEEE  Standard  488.  Additionally,  this  Recommended  Practice  refers  to 
several  non-printing  ASCII  characters  that  are  represented  in  text  form  by 
2  or  3  characters  although  the  message  itself  is  both  represented  and  sent 
by  a  single  multiline  coded  character  (e.g.,  new  line  represented  by  NL). 
These  coded  characters  are  identified  throughout  this  Recommended  Practice 
by  underlined  text  (e.g.,  CR,  LF ,  NL,  ETX) . 

*ANSI  X3. 4-1977, "American  Nat ional  Standard  Code  for 
Information  Interchange".  The  ISO  7-bit  code  is  the 
equivalent  international  reference  version. 
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1.  SCOPE 


This  Recommended  Practice  elaborates  a  family  of  codes  and  formats  to  be 
generated,  processed,  and  Interpreted  by  the  device  functions  of  apparatus 
operating  in  concert  with  interface  functions. 

This  Recommended  Practice  is  intended  to  apply  to  both  those  devices  vlth 
limited  ability  to  generate,  process,  or  interpret  a  variety  of  codes  and 
formats  as  veil  as  those  devices  that  have  extensive  ability  to  generate, 
process,  and  Interpret  unique  and  very  specialized  codes  and- formats. 

This  Recommended  Practice  applies  to  the  organization  and  content  of 
messages  at  the  machine-to-machine  information  Interchange  level,  however, 
the  guidelines  set  forth  herein  may  have  critical  impact  on  both  the  re¬ 
lated  person-to-machine  and  machine-to-person  information  interchange. 

This  Recommended  Practice  applies  to  several  device-dependent  message 
types.  Figure  1  shows  the  major  relationships  between  thl6  Recommended 
Practice  and  the  related  parts  of  IEEE  Standard  488. 

This  Recommended  Practice  is  intended  to  apply  directly  to  instrumentation 
systems  and  may  also  apply  to  certain  devices  outside  the  scope 
of  the  instrument  system  environment. 

2.  OBJECT 

The  objectives  of  this  Recommended  Practice  are: 

1)  To  promote  compatibility  among  different  manufacturers'  products, 

2)  To  enable  the  interconnection  of  instrumentation  and  related  devices 
with  both  limited  and  extensive  capability  to  generate,  process,  and 
interpret  a  variety  of  different  message  types, 

3)  To  define  codes  and  formats  that  will  minimize  the  generation  of 
application  software  and  system  configuration  costs, 

4)  To  define  a  limited  family  of  preferred  message  codes  and  formats  in  a 
relatively  device-independent  manner, 

5)  To  permit  direct  communication  among  instrument  system  devices  without 
extraordinary  translation  and  conversion  of  special  codes 

and  formats. 


3.  SYSTEM  CONSIDERATIONS 

The  purpose  of  an  interface  system  1b  to  carry  device-dependent  messages 
between  devices,  via  Interface  functions,  to  and  from  device  functions  a6 
shown  in  Figure  1.  Device  functions  may  differ  from  one  another  in  several 
respects,  and  thus  affect  the 
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239 

240  Fig.  1:  Functions  and  Messages  of  the  Interface  System 

241 

242 

243  nature  of  device-dependent  messages  that  may  be  interchanged. 

244  The  type  and  complexity  of  messages  interchanged  is,  in  part, 

245  determined  by  these  factors: 

246 

247  1)  ability  of  devices  to  generate,  process,  or  interpret  only 

248  a  limited  or  single  set  of  codes  and  formats  versus  an 

249  extensive  or  complex  set  of  data  codes  and  formats, 

250 

251  2)  data  transfered  at  machine  level  versus  data  initiated  or 

252  consumed  via  human  contact. 

253 

254  The  type  of  system  or  systems  a  given  product  is  to  be  placed  in  (i.e., 

255  other  products  it  must  communicate  with  and  under  what  circumstances)  has  a 

25b  significant  impact  on  the  nature  of  device-dependent  messages  that  the  pro- 

257  duct  may  be  capable  of  generating,  processing,  or  interpreting.  The  codes 

258  and  formats  used  by  a  given  product  will  determine,  to  a  large  extent, 

259  the  range  of  configurations  over  which  that  product  can  be  easily 

260  integrated.  Therefore,  careful  consideration  should  be  given  to 

261  a  device's  code  and  format  capability  to  ensure  satisfactory 

262  system  performance. 

263 

264  A  designer  should  consider  the  range  of  products  a  given  device  is  expected 

265  to  communicate  with  and  view  potential  applications  from  a  broad  perspec- 

266  tive.  Accommodation  of  more  than  one  code  or  format  may  be  necessary. 

267  Compatibility  with  a  variety  of  products  may  be  increased  if  messages  are 

268  received  "forgivingly"  or  interpreted  without  strict  compliance  to  a 

269  specific  format  (e.g.,  accept  variable  data  field  lengths,  ignore  leading 

270  spaces).  See  Appendix  D. 

271 
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4.  MESSAGE  CONCEPTS 


27  3 

274 

275  Most  of  the  device-dependent  messages  described  by  this  Recommended  Prac- 

276  tlce  are  compoaed  of  a  sequence  of  data  byteE  (DAB).  A  common  structure 

277  and  organization  of  the  data  byte  sequence  promotes  compatibility  among 

27E  different  products.  This  Recommended  Practice  sets  forth  the  general  or- 

279  ganlzation  and  format  for  device-dependent  messages  and  leaves  the  specific 

280  content  of  such  messages  to  the  designer. 

281  • 

282  4.1  Message  Types  and  Definitions 

283 

284  Devices  typically  send  and  receive  several  different  types  of 

285  device-dependent  messages.  This  section  defines  a  set  of  message  types  con- 

286  aidered  to  be  useful  for  a  variety  of  instrumentation  system  needs.  It 

287  also  defines  the  terms  used  to  structure  the  description  of  these  messages. 

288 

289  4.1.1  MESSAGE:  A  message,  as  used  throughout  this  Recommended  Practice, 

290  refers  to  one  of  four  basic  types:  measurement,  program,  status,  and  dls- 

291  play.  The  messages  described  herein  are  additional  to  and  in  concert  with 

292  the  terms  "Interface  message",  "remote  message",  "local  message",  and 

293  "device-dependent  message"  as  used  throughout  IEEE  Std.  488. 

294 

295  4. 1.1.1  MEASUREMENT  MESSAGE:  A  measurement  message  is  a 

296  sequence  of  one  or  more  measurement  results  separated  by  message 

297  unit  separators.  See  Section  5. 

298 

299  4. 1.1.2  PROGRAM  MESSAGE:  A  program  message  is  a  sequence  of  one 

300  or  more  program  instructions  and  optional  message  unit 

301  separators.  See  Section  6. 

302 

303  4. 1.1. 3  STATUS  BYTE  MESSAGE:  A  status  byte  message  carries  Information 

304  about  the  internal  conditions )  of  an  Instrument's  device  functions. 

305  Devices  send  a  status  byte  (STB  message)  in  response  to  a  serial  poll  to 

306  indicate  one  or  more  device  function  conditions  (e.g.,  measurement 

307  complete,  out  of  calibration,  current  limited).  A  status  byte  message 

308  is  sent  with  a  single  status  byte.  See  Section  7. 

309 

310  4. 1.1. 4  DISPLAY  MESSAGE:  A  display  message  contains  information 

311  displayed  for  operator  convenience.  Display  data  may  contain  a  series  of 

312  accumulated  measurement  results  or  a  series  of  program  instructions 

313  used  to  set-up  a  device.  In  either  case,  human  interpretation  is 

314  la  important.  See  Sections  5,  6,  and  8. 

315 

316  4.1.2  MESSAGE  UNIT:  A  message  unit  is  a  single  measurement  result 

317  or  a  single  program  instruction. 

318 

319 

320  4.1.2. 1  MEASUREMENT  RESULT:  A  measurement  result  is  the  output  of 

321  an  instrument's  measurement  process.  Instrumentation  devices  typically  out- 

322  put  measurement  information  (e.g.,  frequency,  voltage,  current)  as  a  result 

323  of  performing  a  measurement.  The  general  format  of  measurement  results  may 

324  contain  both  alpha  Information  and  a  numeric  value.  A  measurement  result 

325  consists  of  a  sequence  of  DABs  that  represent  an  optional  header  field  and 

326  one  mandatory  data  field.  See  Section  5. 
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328  4. 1.2.2  PROGRAM  INSTRUCTION:  A  program  instruction  is  used  to  set- 

329  up  and  execute  an  instrument's  measurement  or  stimulus  function(s). 

330  Instrumentation  devices  typically  receive  program  data  (e.g. ,  measurement 

331  range,  operating  mode,  output  mode)  in  preparation  for  performing  a 

332  measurement  function*  A  program  instruction  consists  of  a  sequence  of  DABs 

333  that  represents  at  least  a  mandatory  header  field  and  one  or  more  optional 

334  data  fields.  See  Section  6. 

335 

336  4.1.3  MESSAGE  UNIT  SEPARATOR:  A  message  unit  separator  is  always  used  to 

337  separate  multiple  measurement  results  from  each  other.  It  is  optionally 

338  used  to  separate  multiple  program  instructions  from  each  other. 

339 

340  4.1.4  MESSAGE  ELEMENT:  Message  elements  are  the  basic  "building 

341  blocks"  of  the  syntactic  constructs  that  define  program  and  measurement 

342  messages.  Major  message  elements  consist  of  three  types  of  headers,  four 

343  data  types,  and  three  types  of  separators.  Specific  message  elements  are 

344  defined  in  Clause  4.3. 

345 

346 

347 

348 

349  4.2  Message  Overview 

350 

351  A  device-dependent  message  of  the  type  listed  in  Clause  4.1  represents  an 

352  amount  of  information  whose  beginning  and  end  can  be  defined  or  implied  and 

353  whose  contents  are  generated,  carried,  and  interpreted  together  as  a  unit. 

354  These  messages  are  considered  to  be  further  partitioned  into  specific 

355  fields  to  reflect  identifiable  portions  of  the  message  within  a  message 

356  unit. 

357 

358 

359  In  general,  a  device-dependent  message  is  composed  of  several  message 

360  elements  or  fields  such  as  a  header  field  (typically  alpha),  data  field 

361  (typically  numeric),  and  separator  field  (typically  a  symbolic  character). 

362  Not  all  messages  need  to  contain  all  possible  message  elements.  Each  of 

363  the  message  types  identified  in  Clauses  4. 1.2.1  and  4. 1.2.2  may,  for 

364  example  contain  a  different  set  of  message  elements  for  diffferent 

365  applications  to  which  the  instrument  or  device  is  applied.  Further, 

366  messages  may  be  either  isolated  or  grouped  to  form  a  continuous  flow 

367  of  messages  as  the  specific  application  demands. 


4*2.1  Simplified  Message  Structure 

Figure  2  presents  a  very  simplified  structure  for  two  common  message  types; 
measurement  messages  and  program  messages.  The  header  field  appears  first 
in  the  sequence  of  DABs  and  is  used  to  identify  the  nature  of  the  value 
given  in  the  data  field  of  the  message.  The  data  field  may  contain  numeric, 
string,  character  or  block  data  types. 


hi 


HEADER 


SEPARATOR 


Progrs*  Instruction 
or 

Metsurenent  Result 


Message  Unit 
Separator 


Fig.  2:  Simplified  Message  Structure 

The  separator  field  is  considered  as  a  separate  entity  and  is  used  by  the 
receiving  device  to  aid  in  the  processing  of  the  overall  message.  The 
separator  is  considered  as  optional  and  application  dependent  for  certain 
message  constructs  as  defined  in  Sections  5  and  6. 


For  convenience  in  further  descriptions,  each  major  message  element  is 
identifiable  by  letter  designations;  HeadeR  Field  (HR),  Data  Representation 
Field  (DR)  and  Separator  Fleld(SR).  Subsequent  Clause  descriptions  will 
further  expand  this  notation  for  use  in  identifying  the  several  format  cap¬ 
abilities  employed  in  various  instruments.  See  Appendix  B. 


Status  byte  messages  are  sent  within  a  single  byte  and  hence  do  not  utilize 
the  same  data  fields.  Instead  subfield6,  all  within  the  STB  message 
specified  by  IEEE  Standard  488,  are  defined  throughout  Section  7. 


400  4.2.2  Syncax  Diagram  Notation 

401 

402  The  generation  and  processing  of  measurement  and  program  messages  can  be 

403  facilitated  by  defining  the  set  of  formats  found  most  useful  in  lnstrumen- 

404  cation  systems.  Message  format  structure  can  be  symbolized  by  syntactic 

405  diagrams  that  indicate  allowable  alternatives  for  the  construction  of 

406  specific  messages  from  a  sequence  of  data  bytes.  While  the  exact  content 

407  of  all  data  bytes  is  beyond  the  scope  of  this  Recommended  Practice,  use  of 

408  these  general  message  formats  should  facilitate  the  interchange  of  infor- 

409  mation  among  devices. 

410 

411  The  syntax  diagram  is  a  formal  means  to  describe  the  preferred  alternatives 

412  for  constructing  measurement  or  program  messages.  Each  of  the  major  mes- 

413  sage  elements  (HR,  DR,  SR)  and  their  respective  sets  can  be  used 

414  to  assemble  messages  for  unambiguous  processing  and  Interpretation. 

416 

417  Devices,  instruments  in  particular,  are  expected  to  send  device-dependent 

418  data  (in  TACS)  according  to  the  message  formats  defined  throughout  this 

419  document.  Both  instruments  and  controllers  can  improve  the  level  of  infor- 

420  mation  interchange  by  listening  "forgivingly"  when  interpreting  the 

421  message.  See  Appendix  D  for  specific  recommendations. 

422 

423  The  syntax  diagrams  defined  throughout  Sections  4,  5,  and  6  provide  the 

424  basic  definitions  and  message  format  structure  for  this  Recommended  Prac- 

425  tice  Further  written  description  and  examples  serve  to  clarify  and 

426  illustrate  the  use  of  these  basic  diagrams. 

427 

428  Syntax  diagrams,  comprised  of  six  essential  symbols,  are  used 

429  to  define  most  of  the  message  elements  throughout  this  Recommended 

430  Practice: 

431 

432 

433  -  rectangular  shaped  symbols  indicate  individual  message 

434  elements  that  are  explicitly  defined  elsewhere  throughout 

435  this  Section. 

436 

437 

438 

439 

440  -  circular  shaped  symbols  indicate  literal  data  (e.g.,  a 

441  specific  ASCII  character)  the  coding  of  which  is  defined 

442  in  Section  10. 

443 


Arrows,  left  to  right,  indicate  the  assembly  sequence  of 
successive  message  elements  and  the  by-pass  paths  around 
the  indicated  message  slea*nt(s). 


reverse  arrows,  right  to  left,  indicate  feedback  loops 
for  the  repetition  of  one  or  more  message  elements. 


rhomboid  shaped  symbol  indicates  concurrent  trans¬ 
mission  of  the  END  message  with  a  data  byte  (DAB). 


heavy  lines  indicate  a  preferred  path  vithln  a  syntax 
diagram,  see  relevant  text  for  explanation  of  preference 


In  general,  flow  through  a  syntax  diagram  proceeds  from  left  to  right. 
Strategic  location  of  arrowheads  precludes  disallowed  paths  through  the 
diagram.  Any  circular  or  rectangular  symbol  without  an  exit  path  (line) 
implies  the  last  byte  of  a  message.  The  remaining  clauses  of  Section  4 
define  the  set6  of  major  message  elements  available.  Sections  5  and  6 
utilize  these  building  blocks  to  establish  the  preferred  sets  of 
measurement  and  program  messages  respectively. 


486 

4.3  Message  Unit  Elements 

487 

488 

4.3.1  Header  Field. 

489 

490 

A  header  field  may  be  used  to  describe  the  units  (type. 

quantity)  and/or 

491 

quality  of  the  data  present  in  the  data  field  it  precedes.  A  header  field 

492 

may  also  be  used  to  select  a  specific  function. 

493 

494 

In  all  cases,  Che  initial  character  in  an  HR  field  is  limited  to 

495 

an  alpha  character  to  facilitate  parsing  (partitioning) 

of 

496 

messages  by  the  receiving  device*  Three  header  fields 

are 

497 

available  as  shown  in  Figure  3; 

497.01 

HR1  an  alpha  header, 

498 

HR2  a  formatted  header. 

499 

HR3  a  character  header. 

501  Fig.  3  HR  Choices 

502 

503  4.3. 1.1  Alpha  Header  (HR1) 

504 

505  A  sequence  of  one  or  more  alpha  characters  construced  according  to 

5C6  Figure  4.  Alpha  characters  may  be  of  either  case,  upper  case  preferred: 

507 

508  |A|B|C|D|E|F|C|H|I|J|K|L|M|N|0|P|Q|R|S|T|U|V|W|X|Y|Z| 

509 

510  |a|b|cld|e|f|g!h|i|j|k|l|m!n|o|p|q|r|s|t|u|v|w|x|ylz| 

511 

512  Note:  The  symbol  |  I  Is  used,  here  and  throughout  the  document, 

513  to  delineate  the  specified  codes  and,  of  Itself,  is  not  part 

514  of  the  code  set. 


516 


Fig.  4  HR  Syntax  Diagram 


4. 3. 1.2  Formatted  Reader  (HR2) 


A  sequence  of  one  or  acre  alpha  character  plus  the  possibility 
of  embedded  or  trailing  spaces  constructed  according  to  Figure  5.  In  some 
messages  it  is  helpful  to  maintain  the  header  at  a  fixed  length  for  a 
given  product  employing  a  variety  of  type  and  quality  Indications.  The 
use  of  embedded  or  trailing  spaces  is  therefore  useful. 

Note:  The  symbol  [SP |  Is  used  here,  and  throughout  the  document 
to  indicate  a  "space"  (ASCII  code  in  column  2  row  0  of  Table  IV). 


533 

534 

535 

536 

537 

538 

539 

539.01 

539.02 

540 

541 

542 

543 

543.1 

543.2 

543.3 

543.4 


Fig.  5  HR2  Syntax  Diagram 
4. 3. 1.3  Character  Header  (HR3) 

A  sequence  of  one  alpha  character  plus  the  possibility 
of  additional  characters  following  an  initial  alpha  constructed 
according  to  Figure  6.  In  the  additional  character 
set  these  printable  characters  are  allowed: 

Special  characters: 

i!i$ixisri(i)i*i+i-i.i/i:i<i-i>m<?i[i\i]rM'i£ii  i3n 

Alpha  characters: 

[Upper  and  lower  case  as  listed  in  Clause  4. 3. 1.1] 

Digits: 

J0|1|2|3|4J5|6|8|9| 


ALPHA 


ANY  PRINTING 
ASCII  CHARACTER 
EXCEPT 

I  SP  |#  I"  I.UlDELl 


545 


Fig.  6  HR3  Syntax  Diagram 


4.3.2  Data  Fields 


548 

549 

550  The  central  information  contained  within  the  body  of  each  message  unit  may 

551  be  represented  by  using  one  of  four  possible  data  types;  numeric,  string, 

552  block,  or  character.  Some  of  these  data  types  may  be  further  sub-divided 

553  into  more  specific  categories.  This  Clause  sets  forth  the  detailed 

554  syntactic  description  for  each  data  field  type.  Subsequent  Sections  utilize 

555  these  building  blocks  to  construct  measurement  and  program  messages. 

556 

557  4.3.2. 1  Numeric  Data  Type 

558 

559  The  decimal  positional  representation  of  numeric  values,  commonly  called 

560  numeric  representation  (NR)  ,  may  be  implemented  in  any  of  three  forms 

561  as  shown  in  Figure  7;  NR1,  NR2,  NR3.  These  representations  are  in  general 

562  the  ANSI  X3. 42-1975,  "American  National  Standard  for  the 

563  Representation  of  Numeric  Values  in  Character  Strings  for  Information 
563.1  Interchange". 

564 

565 


567 

568  Fig* 7  Numeric  Representation  Syntax  Diagram 

569 

570  The  NR1 ,  NR2 ,  NR3  representation  applies  only  to  the  radix  10 

571  with  syntactic  rules  for  the  character  set: 

572 

573  Numeric  Digits  *  |0 | 1 | 2 | 3 |4 | 5 | 6 | 7 | 8 | 9 | 

574 

575  Special  Symbolic  Representations  *  | E | SP ]+|- I . I 

576 

577 

578  The  number  of  digits  contained  in  the  NRl,  NR2,  or  NR3  notation  is  unspeci- 

579  fled.  Within  an  NR  field,  the  most  significant  digit  (character)  is 

580  sent  first. 

581 

582  The  NR  syntax  diagrams  and  associated  examples  use  the  +  symbol 

583  to  indicate  the  positive  signed  value  of  a  number.  Typical 

584  devices  and  common  usage  frequently  delete  the  generation  of  and 

585  ignore  use  of  the  l+l  sign.  Unsigned  numeric  data  is  therefore 

586  allowed  and  interpreted  to  represent  a  value  equal  to  or  greater 


589  4.3.2. 1.1  Numeric  Representation  Set  1  (NR1). 

590 

591  NR1  consists  of  a  set  of  implicit  point  representations  of  numeric  velue6, 

592  l.e.,  a  radix  point  is  Implicitly  considered  to  be  placed  (fixed  but  not 

593  transmitted)  at  the  end  of  the  string  of  digits.  Both  the  unsigned  and  the 

594  signed  representation  may  contain  leading  spaces.  There  shall  be  at  least 

595  one  digit  and  no  embedded  or  trailing  spaces  allowed. 

596  .  The  signed  representation  of  the  numeric  value  ZERO  is 

597  preferred  to  have  either  a  plus  sign  |+|  or  |SPJ.  NR1  representation  is 

598  useful  for  conveying  numeric  data  of  integer  values.  The  syntax 

599  for  NR1  is  shown  in  Figure  8. 


601  Fig.  8  NR1  Syntax  Diagram 

602 

603  *Not  preferred  for  ZERO  valued  numeric 

604 

605 

606 
607 


ir» 

64 


4. 3. 2. 1.2  Numeric  Representation  Set  2  (NR2). 

NR2  consists  of  a  set  of  explicit  point  representations  of 
numeric  values  with  the  radix  point  indicated  by  a  decimal  point 
|.|.  For  clarity  the  radix  point  should  be  preceded  by  at  least 
one  digit,  possibly  0.  The  signed  representation  of  the  numeric 
value  ZERO  is  preferred  to  have  a  plus  sign  |+|  or  |SPJ .  No 
embedded  or  trailing  spaces  are  allowed  in  NR2  representation. 
NR2  representation  is  useful  for  conveying  numeric  data  that 
contains  a  fraction.  The  syntax  for  NR2  is  shown  in  Figure  9. 


4.3.2. 1.3  Numeric  Representation  Set  3  (NR3). 

NR3  consists  of  *  set  of  scaled  representations  with  either 
implicit  or  explicit  radix  point  together  with  an  exponent 
notation  as  shown  in  Figure  10.  No  embedded  or  trailing  spaces 
are  allowed  in  either  the  mantissa  or  exponent  of  NR3 
representation.  It  is  preferred  that  at  least  one  digit, 
possibly  ZERO,  preceed  the  radix  point  |.|. 


m 


644 

645 
645.01 

646 

647 

649 

650 

651 

652 

653 

654 

655 

656 

657 

658 

659 

660 
661 
662 

663 
663.01 

664 
664.1 


Fig.  10  NR3  Syntax  Diagram 

Notes: 

(1)  *Not  preferred  for  ZERO  valued  numeric 

(2)  **ANSI  X3. 42-1975  NR  notation  allows  for  explicit-point- 
scaled  representation  only.  Use  of  implicit  point  is 
allowed,  not  recommended  for  use  with  T  or  TE  functions. 

All  L,  LE  functions  shall  be  able  to  handle  both  implicit 
and  explicit  forms.  The  implicit  decimal  point  of  the  mantissa 
is  assumed  to  be  right-justified.  L  and  LE  functions  shall 
accept  unsigned  NR3's  as  representing  values  equal  to  or  greater 
than  zero. 

(3)  ***  Two  digits  preferred,  expressed  in  multiples  of  three 
(e.g...06,  03,  00,  -03..)  for  reasons  of  human  interpretation  and 
relationships  to  common  physical  units. 

(4)  NR3  representations  that  have  an  exponent  with  no  sign  should  - 
be  accepted. 

(5)  It  is  permissible  to  send  a  zero  value  mantissa  with  a  non-zero 
exponent  (e.g.,  00000E-K)6).  This  representation  is  not  preferred. 


Common 

Notation 

0 

.00015 

-10 

-14.203 

1234.5 

Signed 

NR1 

40 

No  Rep 

-10 

No  Rep 

No  Rep 

Unsigned 

NR1 

0 

No  Rep 

No  Rep 

No  Rep 

No  Rep 

5600 

Signed 

NR2 

40 

4-.  000 15 

-10. 

-14.203 

4-1234.5 

4-5600. 

Unsigned 

NR2 

0. 

.00015 

No  Rep 

No  Rep 

1234.5 

5600. 

Preferred 

NR2 

0.0 

0.00015 

-10.0 

-14.203 

1234.5 

5600.0 

Signed 

NR  3 

40E4O 

4-1.5E-4 

-1E+1 

-1.4203E4-1 

4-1 .2345E4-3 

4-5.6E4-3 

Unsigned 
NR  3 

OE40 

1.5E-4 

No  Rep 

No  Rep 

1.2345E4-3 

5.6E4-3 

Preferred 
NR  3 

0.0E4O0 

150.0E-06 

-10.0E400 

-14.203E+00 

1234. 5E+0 

5.6E+03 

With 

OV 

0.00015A 

-10V 

-14.203V 

1.2345KHZ 

5.6KHZ4- 

Suffix 


NOTES : 

1)  Although  not  used  in  the  above  examples,  leading  spaces  and/or 
zeros  are  allowed. 

2)  The  number  of  digits  in  these  examples  does  not  imply  a  preferred 
quantity  of  digits  to  be  transferred. 

3)  A  ZERO  value  with  a  minus  sign  is  not  preferred. 

4)  "No  Rep"  means  no  representation  possible. 


TABLE  I  Numeric  Representation  Examples 


715 

716 

717 

718 

719 

720 

721 

722  . 

723 

724 
725.2 
726 


•  -  *.  *  «  «.  »  »  —  -  «•  »  •  »*  ■*  »  *  »  —  »  •  «■  m  •  m  *  —  •* 

I 

»*  V 


4.3.2. 1.4  Suffix 

One  special  form  of  numeric  representation  (beyond  the  scope  of 
ANSI  13.42-1975  )  useful  In  Instrumentation  systems  permits 
use  of  a  suffix  following  the  numeric  value 
whether  the  NR  is  represented  In  NRl,  NR2,  or  NR3  form. 

The  suffix  Is  related  closely  to  the  NR  in  that  it 

expresses  the  associated  units;  unsealed  units  preferred  or  + 

with  units  multiplier  if  necessary.  This  suffix  Is  expressed  as  a  + 
series  of  characters  as  shown  in  Figure  11.  See  Appendix  C  for  typical 
suffix  multipliers  and  units.  See  Appendix  A  for  typical  examples 
of  the  use  of  a  suffix. 


728  Fig.  11  Suffix  Syntax  Diagram 

729 

730  The  non-preferred  suffix  path  may  be  used  to  permit  more  human 

731  readable  formating  of  data  output  to  devices  such  as  printers  and 

732  CRTs  (e.g.,  12.52  or  12.5  meters/second). 

733 

734  4. 3. 2. 2  String  Data  Field 

735 

736  The  string  data  field  allows  ANY  character  in  the  ASCII  7-bit 

737  code  (Including  non-printable  characters)  to  be  carried  as  a 

738  message.  This  data  field  16  particularly  useful  where  text 

739  is  to  be  displayed  (e.g.  on  a  printer  or  CRT  type  device). 

740  Using  the  string  data  type  permits  the  use  of  format  effectors 

741  such  a6  | CR 1 LF I SP I  to  correctly  format  text.  Each  string 

742  data  field  begins  and  ends  with  |"|*  It  is  possible  to  in- 

743  elude  the  quotation  marks  character  I" I  within  the  text  by  send- 

744  ing  two  sequential  characters  |””|.  The  string  data  syntax  is  given  in 

745  Figure  12. 

745.01 

745.02 

745.1 

745.11  Fig.  12  String  Syntax  Diagram 


747 


19 

(1H 


•*  ►  »  -4  _■  ,*  .»  *• 


V  *.  * 


753  4. 3. 2. 3  Block  Data  Field 

754 

755  The  block  data  field  allows  ANY  8-bit  data  type  (including  extended 

756  ASCII  codes)  to  be  carried  as  a  message*  It  is  particularly 

757  useful  for  sending  large  quantities  of  data.  Since  the  focus  of  the 

758  block  data  field  is  to  provide  for  long  data  streams, 

759  a  means  to  increase  data  transfer  reliability  has  been 

760  included  via  error  detection. 

761 

762  A  block  data  field  is  initiated  by  a  UNIQUE  CODE,  the  number  |#| 

763  sign.  THE  |#|  CODE  IS  NOT  ALLOWED  IN  ANY  OTHER  IEEE  488  device- 

764  dependent  message  BtCEPT:  (1)  within  the  string  data  field  and, 

765  (2)  within  the  block  data  field  itself. 

766 

767  The  block  data  field  is  used  within  the  context  of  both  the 

768  measurement  and  program  messages  as  defined  in  Sections  5  and  6. 

769  In  addition,  the  block  data  structure  can  exist  as  a  separate 

770  entity  (e.g.,  it  can  stand  alone  for  the  transfer  of  files).  It 

771  is  also  possible  that  an  entire  measurement  or  program  message 

772  can  be  sent  within  the  DABs  of  the  block  data  field  to  take 

773  advantage  of  the  error  detection  capabilities.  The  syntax  for  the  block 

774  data  field  is  given  in  Figure  13. 

774.01 

775  The  data  fields  throughout  this  clause  are  intended  to  provide 

776  common  syntax  structures  for  a  broad  range  of  block  data  types 

777  and,  as  such,  represent  a  set  of  recommended  general  purpose 

778  solutions.  More  specialized  applications  requiring  greater  data 

779  field  efficiency,  shorter  lengths  or  greater  integrity,  for  ex- 

780  ample,  may  demand  alternate  block  structures  beyond  the  scope 

781  of  this  Recommended  Practice. 

782 

783  Within  the  data  field  the  most  significant  DAB  shall  be  sent  first. 

784 

785  Designers  should  consider  the  Implications  of  buffer  size  and 

786  availability,  particularly  in  the  intended  receiving  devices. 

787  It  is  not  to  be  assumed  that  all  devices  will  automatically  be 

788  capable  of  accepting  lengthy  messages. 

789 

790  Rationale  for  the  selection  of  the  appropriate  error  detection 

791  means  is  given  in  Clause  4. 3.2. 3. 3. 


4. 3. 2. 3.1  Block  Preamble 


807 

808 

809  The  preamble  consists  of  two  bytes  the  first  of  which  is  the  |#| 

810  byte.  A  second  byte  designates  which  of  seven  possible  data  types 

811  are  to  be  represented  within  the  block  by  the  data  bytes. 


812 

813 

O  1  L 

Identifier 

Data  Type 

OlH 

815 

816 

817 

818 

IB  | 

Binary 

819 

820 

821 

822 

822.01 

IT  1 

Text 

823 

824 

825 

826 

827 

|S| 

Single  precision 

827.01 

IXJ 

Extended  Single 

827.11 

827.21 

827.31 

827.41 

827.51 

Precision 

828 

829 

830 

831 

832 

ID  | 

Double  precision 

843 

844 

845 

1 H  | 

Hexadecimal 

846 

847 

848 

849 

850 

I0| 

Octal 

Usage 


Data  byte  sequence( format) 
and  coding  is  device-dependent 

ASCII  DAB  sequence  is  device¬ 
dependent,  bit  8  is  a  don't  care 
bit,  sent  false  if  the 
application  permits. 

DAB's  represent  numbers  expressed 
in  single  precision  floating  no¬ 
tation,  4  bytes  per  number. 

(See  Appendix  E) 

DAB's  represent  numbers  ex¬ 
pressed  in  extended  single 
precision  floating  point 
notation,  6  bytes  per  number. 

See  Appendix  E) 

DAB's  represent  numbers  expressed 
in  double  precision  floating 
point  notation,  8  bytes  per  number 
(See  Appendix  E) 

A  sequence  of  DAB's  represent¬ 
ing  hexadecimal  data 

A  sequence  of  DAB's  represent¬ 
ing  octal  data. 


851  Note:  No  other  identifier  characters  are  allowed! 

852 


A. 3. 2. 3. 2  Block  Length  Bytes 


The  length  bytes  contain  information  about  the  number  of 
bytes  in  the  block,  the  condition  that  terminates  the  block,  the 
the  nature  of  the  last  byte,  and  the  type  of  error  detection 
used  (If  any).  The  length  byte  bit  assignments  for  L12 
through  LO  represent  an  unsigned  binary  Integer  that  indicates 
both  the  number  of  data  bytes  to  follow  and  how 
the  block  will  be  terminated.  Total  data  byte  count  is  to 
be  maintained  at  an  EVEN  number.  The  length  byte  bit  assign¬ 
ments  are  given  below. 


Length  Byte  1  I  Length  Byte  2 

D10>  87654321187654321 


IF  Cl  CO  LI 2  Lll  L10  L9  L8  |  L7  L6  L5  L4  L3  L2  LI  L0| 


Where:  F*  Odd/Even  flag  bit  for  last  data  byte 
C0“  Checksum  error  detection  usage 
Cl“  CRC  error  detection  usage 
LO-L12-  Length  count 


Bit  Values  Meaning 


889 

F 

Code 

890 

— 

891 

892 

F 

-  0 

Even  data  byte  length:  all  data  byte6  used 

893 

to  carry  information,  no  fill  bytes  used. 

894 

894.01 

F 

-  1 

Odd  data  byte  length: 

895 

last  data  byte  is  fill  to  maintain 

896 

even  byte  count.  The  contents  of  the 

897 

fill  data  byte  are  a  "don't  care”. 

898 

900 

See 

both  UNSPECIFIED  block  lengths  for  exception 

Cl  CO  Coding 


902 

903 

904 

905 

906 

907 

908 

909 

910 
910.01 

911 

912 

913 

914 

915 
915.01 

916 

917 

918 

920 

921 

922 

924 

925 

926 

927 

928 

929 

930 

931 

931.1 

932 

933 

934 

935 

936 

936.1 

937 

938 

939 

940 

941 

943 

944 

944.1 

944.2 

944.3 

944.4 

944.5 


0  0 
0  1 


1  0 

1  1 

LO. . .LI 2  - 


No  error  detection  used,  check  bits  all“0 

Checksum  detection  means  is  used:  Check  byte  2 
contains  modulo  256  check  sum  of  the  data 
bytes.  Check  byte  1  contains  the  l's  complement 
of  check  byte  2.  [The  length  bytes  are 
excluded  from  the  checksum]. 

CRC16  Forward  error  detection  is  used:  the 
CRC  is  performed  on  the  data  and  check 
bytes.  See  Clause  4. 3. 2. 3. 2. 3  for  CRC 
polynomial  specifications.  [The  length  + 

bytes  are  excluded  from  the  the  CRC].  + 

Reserved  (not  to  be  used) 


2,4,6, .... ,4098  The  integer  decimal  equivalent  of  these  13 

bits  specifies  how  many  bytes  are  to 
follow.  The  count  includes  all  data  bytes 
and  the  two  check  bytes.  (Maximum  data 
bytes  «  4096) 

4099  The  block  contains  an  UNSPECIFIED  even 

(See  special  note  of  exception  below*)  + 

number  of  data  bytes  up  to  a  maximum  of 
of  4096  plus  2  check  bytes.  END  shall  be 
sent  concurrent  with  last  check  byte. 

8191  The  block  contains  an  UNSPECIFIED  even 

(See  special  note  of  exception  below*)  + 

number  of  data  bytes  plus  2  check  bytes 
with  no  limit  to  the  maximum  number  of 
bytes  in  the  block.  END  shall  be  sent 
concurrent  with  last  check  byte. 

All  other  values  Reserved  (not  to  be  used). 

Note  *:  If  an  even  number  of  data  bytes  can  be  assured,  then  F^O  + 

shall  be  used.  If  EITHER  an  odd  or  even  data  byte  length  can  + 

result  due  to  a  data  source  of  lndeterminant  length,  then  F*1  + 

shall  be  used  (only  with  length  counts  of  4099  and  8191)  with  + 

the  assumption  that  the  number  of  data  bytes  can  be  odd  or  even.  + 


+  + 
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946  4. 3.2. 3. 3  Block.  Check  Bytes 

947 

948 

949  Two  check  bytes  shall  always  be  used.  The  check  is  performed  on  + 

949.01  only  the  data  bytes  (DABS).  + 

950 

951  If  no  error  detection  means  is  used,  then  both  bytes  shall 

952  be  sent  NUL. 

953 

954  If  a  checksum  error  detection  means  is  used,  then  check  byte 

955  2  contains  the  modulo  256  checksum  and  byte  1  contains  the 

956  l's  complement  of  check  byte  2. 

957 

958  If  a  CRC16  Forward  error  detection  means  is  used,  then  the 

959  two  byte  count  sent  with  the  data  bytes  contains  the  remainder 

960  from  division  of  the  data  bvte  stream  by  the  CRC16  Forward 

961  polynomial  (i.e.,  x ^  +  x  ^  +  x^  +  1).  The  receiving  device 

962  remainder  is  then  zero  for  an  error-free  message.  The  parallel 

963  data  on  DI08  to  DI01  shall  be  serialized  most  significant  bit 

964  (DI08)  first. 

965  NOTE:  The  designer  must  ensure  that  the  CRC  circuitry  can  be  + 

966  enabled  within  4  bytes  times. 

967 

968 

969  Rationale  for  the  selection  between  the  two  detection  means  is 

970  as  follows; 

971 

972  It  is  recommended  that  the  CHECKSUM  be  used  when  short  blocks 

973  of  data  are  sent  (e.g.,  15  bytes/block  is  a  typical  number).  A 

974  checksum  is  insensitive  to  multiple  errors  resulting  in  a  "no- 

975  error"  indication  from  the  checksum  calculation.  If  the  prob- 

976  ability  of  a  double  error  in  the  block  is  small,  the  user  may 

977  choose  the  checksum  method  for  single  error  detection. 

978 

979 

930  It  is  recommended  that  the  CRC16  polynomial  method  be  used  when 

981  the  system  is  less  sensitive  to  multiple  errors  yielding  a  "no- 

982  error"  condition.  Due  to  the  nature  of  CRC16  technology  + 

983  the  resultant  error  check  is  dependent  to  a  significant  + 

984  degree  on  longer  historical  data  patterns.  The  probability  + 

9o5  of  multiple  errors  causing  a  "no-error"  output  of  the  error  de- 

986  tectior.  circuitry  is  less  than  the  checksum  method.  The  CRC16  approach 

937  is  recommended  where  longer  data  blocks  are  being  transferred.  It  is  also 

939  recommended  where  the  failure  of  error  detection  is  critical  and 
989  not  to  be  tolerated. 

99’ 
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A. 3. 2. 4  Character  Data  Field 


992 

993 

994  The  character  data  field  is  used  vhere  words  and  text 

995  more  clearly  describe  the  nature  of  a  program  instruction 

996  than  does  a  numeric  data  fields  Character  data 

997  fields  always  begin  with  an  alpha  character.  The  use  of 

998  alpha  characters  only  is  preferred.  Digits  and  other  special 

999  purpose  characters  should  be  used  only  where  the  human  read- 

1000  ability  and  Interpretation  of  the  header  is  thereby  enhanced 


4.3.3  Message  Separators 


iOG7 

1008 

1009 
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1011 
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1015 

1016 

1017 

1018 
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1020 
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1028 

1029 

1030 

1031 
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1035 

1036 

1037 

1038 

1039 

1040 

1041 

1042 

1043 

1044 

1045 

1046 
1046.1 


A  means  to  distinguish  between  one  message  unit  and  the 
next  message  unit  or  between  information  fields  within  message 
units  i6  useful  and  sometimes  essential  for  unambiguous  message 
processing.  Such  means  are  useful  for  conveying  related  sets  of 
data  that  occur  in  pairs  (e.g.,  amplitude  and  phase)  or  other 
data  set  multiples  (e.g.,  time,  channel,  frequency)  or  long 
continuous  message  streams. 

Message  separators  may  be  needed  before  a  talker  function  exitB 
the  TACS  state  and  at  certain  times  throughout  a  TACS  condition. 

The  context  in  which  the  separators  are  described  assumes 
normal  message  traffic  without  controller  initiated  interruption 
of  a  message  sequence. 

Separators  fall  into  three  broad  categories  based  on  a  hierarchical 
relationship  to  one  another.  Although  several  categories  contain 
multiple  choices  for  separator  usage,  the  relative  hierarchial 
relationship  is  retained.  Separators  are  not  mandatory  for  all 
syntax  structures  (see  Sections  5  and  6)  as  it  is  possible  to 
construct  message  formats  with  implicit  separation  between  message 
elements. 

Provisions  have  been  made  for  both  simple  and  complex  parsers  in 
receiving  devices.  Some  parsers  may  be  able  to  make  the 
information  field  separation  implicitly,  that  is,  separator 
characters  are  not  required.  For  implicit  separation  the  receiver 
knows  what  type  of  information  is  expected  based  on  preceeding 
or  following  characters.  Other  parsers  may  require  explicit  use  of 
any  or  all  of  the  three  categories  (levels)  of  separators. 

IEEE  Std  488  identifies  the  existence  of  two  separator  types  with¬ 
out  defining  explicit  usage,  relationships  to  message  formats, 
or  coding.  The  END  message  ranks  at  the  top  of  the  hierarchy  where¬ 
as  the  EOS  message  is  at  a  lower  level.  This  document  defines 
three  basic  levels  of  separators  for  use  with  measurement  and 
program  message  structures.  The  separators  listed  in  descending 
order  of  the  hierarchy  are;  SR3,  SR2,  SRI. 

Figure  16  illustrates  a  very  general  structure  for  separator  usage. 


1050 

1051  Fig.  16  Typical  Separator  Use 

1052 

1053 

1054  4.3. 3.1  Separator  Level  1  (SRI) 

1055 

1056  An  SRI  separator  is  typically  used  to  Identify  the  end  of  the 

1057  lowest  level  of  message  element  or  data  fleld(s).  Two  separators 

1058  exist  at  this  level;  the  comma  f,|  and  semicolon  |;|.  The  lowest 

1059  order  separator  of  these  two  is  the  I, I  and  is,  for  most  appli- 

1060  cations,  the  preferred  separator.  This  is  based  on  the  fact  that  the 

1061  comma  |,|  is  of  lower  order  than  the  l;i  in  the  written  word.  The 

1062  syntax  for  SRI  is  given  in  Figure  17. 

1063 


1065  Fig.  17  SRI  Syntax  Diagram 
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A, 3. 3. 2  Separator  Level  2  (SR2) 


An  SR2  separator  is  typically  used  to  separate  a  sequence  of 
message  units  at  a  distinctly  higher  level  than  that  of  the  SRI 
separator.  There  is  only  one  level  of  separator  at  the  SR2  level 
although  there  are  several  implementation  choices.  The  syntax  of 
SR2  is  given  in  Figure  18. 


Fig.  18  SR2  Syntax  Diagram 


NOTES : 


1.  ASCII  code  for  N_L  is  identical  to  LF . 

2.  The  ability  to  select  between  the  SR2  separator 
paths  within  a  device  will  provide  more 
universal  information  interchange. 

3.  FUTURE:  The  long  term  intent  is  to  use  a  SINGLE 
character  for  the  SR2  separator.  Use  of  the  double 
CRLF  character  separator  (alternate  path)  within  a 
device  may  be  needed  for  some  time  to  facilitate 
compatibility  with  existing  products. 

4.  PAST/PRESENT:  For  broad  compatibility  the  syntax 
path  for  the  T  (TE)  function  has  been/is  CRLF 
whereas  the  preferred  path  for  the  L  (LE)  function  is 
LF  or  NL.  The  L  function  should  use  LF  as 

the  separator  and  NOT  the  CR  character.  The  CR 
character  should  be  discarded  unless  the  device  (like 
a  printer)  is  capable  of  executing  the  CR  operation. 


4. 3. 3. 3  Separator  Level  3  (SR3) 


The  SR3  separator  Is  the  highest  order  separator  specified  by  this  Recom¬ 
mended  Practice.  An  SR3  separator  is  usually  used  when  one  or  a  series  of 
measurement  or  program  messages  has  been  completed.  As  the  highest  order 
separator,  the  SR3  or  END  message  has  special  significance.  A  talker, 
having  sent  END,  shall  not  output  further  DAB'a  automatically.  The  "talker” 
must  then  receive  a  device-dependent  message  or  a  specific  Interface 
message  (e.g.  GET)  prior  to  resuming  output.  Systems  using  the  local  ton 
(talk  only)  message  may  resume  output  via'  an  external  stimulus  such  as 
"manual  trigger".  The  SR3  syntax  is  given  in  Figure  19. 


Fig.  19  SR3  Syntax  Diagram 

Notes:  1)  The  END  message  (sent  on  the  EOI  signal  line)  is  sent 

concurrent  with  DAB  and  follcws  identical  timing  re¬ 
quirements  (see  Clause  2. 3. 3.4  of  IEEE  Std.  488-1978). 

2)  DAB  is  a  device-dependent  multiline  message  encoded 
on  DI01-DI08.  DAB  may  be  a  normal  data  byte  or  one  of 
the  other  lower  order  separators  as  specified  in  subsequent 
diagrams . 


4. 3. 3.4  Leaving  and  Entering  TACS/LACS. 

The  use  of  SRI,  SR 2,  and  SR3  separators  shall  not  imply  that  a  given  device 
will  automatically  exit  the  TACS  or  LACS  states. 

Any  data  transfer  may  be  interrupted  synchronously  by  the  controller  func¬ 
tion  to  achieve  other  higher  priority  operational  sequences.  It  is  recom¬ 
mended  that  the  interrupted  device  resume  data  byte  + 

transfer  with  the  next  byte  following  the  byte  transmitted  prior  to  the 
point  of  interruption  (data  transfer  resumes  when  the  device  re-enters 
TACS).  It  is  recommended  that  asynchronous  interruption  of  a  message  be 
avoided  as  it  is  difficult  (if  not  impossible)  to  determine  whether  the 
byte  being  transferred  at  the  time  of  interruption  was  received. 


4. 3. 3. 5  Separator  Coding 

The  allowable  codes  for  separators  are  given  in  Table  II.  This 
is  a  summary  coding  table  representing  a  composite  of  the  SR 
capabilities  defined  throughout  Clause  4.3.4. 

Separator  Code  Remarks 


SRI 

(Level 

1) 

1,  i;  1 

See  Note  1 

SR2 

(Level 

2) 

| NL | CRLF | 

See  Notes  2,3 

SR3 

(Level 

3) 

END 

Sent  on  E0I,  See  Note  3 

TABLE  II  SEPARATOR  CODING  SUMMARY 


Notes: 

(1)  To  facilitate  explicit  parsing  between  the  header  and  data 
fields  in  some  applications  an  exception  to  the  above  SRI 
coding  schema  is  required.  For  a  restricted  set  of  con¬ 
ditions  one  may  use  the  |SPJ  header  separator  between 
header  and  data  fields.  See  Figure  8B  for  details. 

(2)  The  NL  (new  line)  or  LF  (line  feed)  is  preferred  over 
the  CRLF  code  pair  as  the  SR2  separator.  Use  of 
multiple  bytes  to  perform  the  separator  function  may  lead 
to  an  ambiguous  response  in  some  devices.  Therefore,  use  of 
the  single  byte  NL  (ASCII  code  column  0  row  10,  same  code  as 
LF)  is  preferred  to  perform  the  SR2  separator  function.  All 
these  codes  are  format  effectors*. 

(3)  The  ETB  and  ETX  codes  defined  in  the  ASCII  code  may  be  found 
as  record  separator  and  terminator  respectively  in  some 
International  use  of  the  related  IEC  Std.  625-2.  The  ETB  and 
ETX  codes  are  ASCII  comunication  control*  characters  and 
therefore  should  be  used  with  caution.  Neither  code  is  recommended 
as  a  means  to  effect  separator  action. 


*  Refers  to  ANSI  X3.4  terminology 


5.  MEASUREMENT  MESSAGES 


Instrumentation  devices  perform  many  measurement  functions. 
Typical  tasks  like  measuring  frequency  or  voltage,  digitizing 
a  waveform,  and  performing  network  analysis  result  in  the 
generation  of  measurement  results.  The  specific  content  of  the 
message  Is  device-dependent,  however  the  organization  or  general 
format  of  these  application  dependent  messages  can  be 
structured  in  a  way  common  to  many  devices.  The  purpose  of 
this  Section  is  to  establish  a  set  of  recommended  practices 
for  the  format  of  measurement  messages  such  that 
Information  Interchange  among  independently  designed  devices 
is  achieved  at  the  highest  level  possible. 

5.1  Measurement  Message  Overview 


The  individual  syntax  diagrams  defined  throughout  Section  4  may 
be  used  to  construct  and  assemble  specific  measurement 
messages  suited  to  unique  applications.  A  generalized  form  of 
typical  measurement  messages  is  given  in  Figure  20  below  to  introduce 
the  normal  flow  of  data  fields,  the  "format"  of  the  message. 

The  reader  is  cautioned  not  to  design  to  this  diagram:  it  serves 
only  to  introduce  the  general  flow  of  information. 


MEASUREMENT 

DATA 


RESULT 

SEPARATOR 


HEAOER 


SEPARATOR 


RESULT 


Fig.  20  GENERAL  FORM:  MEASUREMENT  MESSAGE 


The  combination  of  a  header  and  the  measured  data  itself  fora  what 
is  termed  the  measurement  result.  This  Is  equivalent  to  a  single 
message  unit.  Some  form  of  separator  is  then  used  to  distinguish 
this  result  from  the  next  one.  The  optional  nature  of  the  header 
is  denoted  by  the  bypass  path  around  the  header  element.  Note  that 
for  measurement  messages  the  data  and  separator  fields  are  mandatory 


«■ 


5.2  MEASUREMENT  MESSAGE  FORMATS 

This  clause  set6  forth  the  explicit  syntax  for  a  common  set 
of  measurement  messages  in  a  way  considered  to  be 
relatively  device  and  application  independent.  The  specific 
content  of  each  message  element,  at  the  lowest  level  (e.g., 
semantic  meaning  of  the  letter  P),  is  beyond  the  scope  of 
this  document.  Figure  21A  sets  forth  the  preferred  syntactic 
construction  of  the  three  different  types  of  measurement  results 
identified  as  numeric  data,  string  data, 
and  block  data.  Figure  21A  is  to  be  viewed  as 
a  SINGLE  measurement  message,  one  result.  Many  real 
applications,  of  course,  require  a  series  of  results. 

Figure  21B  will  indicate  the  method(s)  available  to 
achieve  a  variety  of  more  complex  messages. 


Numeric  Data  Held 


inserted 


Block  Data  Field 
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1234  5.2.1  Measurement  Message  Construction 

1235 

1236  These  guidelines  and  recommendations  are  provided  to 

1237  facilitate  the  construction  of  measurement  messages 

1238  Intended  for  the  highest  level  of  interchange  possible 

1239  between  independently  designed  devices. 

1240 

1241  5.2. 1.1  General 

1242 

1243  -  To  accommodate  a  wide  variety  of  measurement  devices  the 

1244  measurement  message  may  contain  any  number  of  DAB6. 

1245 
1245.1 

1246  DABs  are  sent  most  significant  DAB  first  for  numeric  data. 

1247 

1248 

1249  5. 2. 1.2  Header  Field 

1250 

1251  5. 2. 1.2.1  The  preferred  HR  field  should  contain  only  alpha 

1252  characters.  This  facilitates  reading  of  the  NR  field  with 

1253  free-field  formats  in  common  use.  The  HR  field  is 

1254  particularly  useful  where  human  readibility  is  Important. 

1255  5. 2. 1.2. 2  The  HR2  field  is  optional  and,  if  used,  should  be  as 

1256  short  as  possible.  For  a  known  product,  in  a  specific 

1257  mode,  a  fixed  length  HR2  field  greatly  facilitates 

1258  parsing  of  the  data  fields  by  the  listener.  All 

1259  characters,  including  embedded  spaces,  make  up  the  HR  field. 

1260  Spaces  may  be  used  to  maintain  a  fixed  length  HR. 

1261 

1262  5.2. 1.2.3  The  HR2  field,  when  used  to  specify  units  associated  with 

1263  the  NR  data  field,  shall  use  unsealed  units  as  the  preferred 

1264  set  (e.g.,  volts,  ohms,  amperes).  If  scaled  units  are  used 

1265  then  the  preferred  values  should  be  in  multiples 

1266  of  10**  or  10"*  (e.g.,  UF,  MV,  KA,  MM).  The  NR 

1267  suffix  field  may,  in  addition,  be  used  to  specify  the  units 

1268  and  multiplier  relating  to  the  numeric  data  field 

1269  in  which  case  unsealed  units  are  preferred. 

1270 

1271  5.2. 1.2.4  If  the  HR2  field  refers  to  data  quality,  then 

1272  device-dependent  alpha  characters  may  be  used  to  indicate 

1273  specific  conditions.  For  example;  calibration  voltage 

1274  may  be  represented  by  CV. 


.2.1.3  Data  Field 

It  is  MANDATORY  that  at  least  one  of  the  data  fields  be  used 
In  a  given  measurement  message. 


5.2. 1.3.1  Numeric  Data 

-  The  NR  field  shall  contain  either  an  NR1, 

NR2,  or  NR3  value,  the  choice  is  application  dependent. 

-  NRl  implicit  point  representation  is 

most  useful  for  numeric  data  where  either  limited  inter¬ 
pretation  or  generation  of  data  is  required  (e.g.,  re¬ 
stricted  or  fixed-range)  and  also  where  large  volumes  of  fixed 
format  data  or  high  6peed  data  are  transferred  between  devices. 

In  these  applications  data  rates  are  of  primary  significance. 

-  NR2  explicit-point  unsealed  representation  is 

most  useful  for  numeric  data  where  either  the  range  of  data 
output  is  limited  or  data  is  intended  to  be  used  with 
devices  where  human  interpretation  is  prevalent. 

-  NR3  exponential  notation  is  preferred  where  measurement  or 
controller  devices  must  accommodate  a  wide  range  of  values 
or  where  the  specifc  range  of  data  to  be  output  Cor  input) 
i6  unpredictable. 

-  A  constant  length  NR  field  length  for  a  specific  operating  mode  may 
facilitate  efficient  data  interpretation  and  storage.  For  a 
given  operating  mode  the  selected  type  of  NR  representation  should 
remain  the  6ame,  even  through  ZERO  values. 


5.2. 1.3.2  String  Data 


-  The  string  data  type  is  intended  where  the  message  is 

to  be  displayed  for  human  interpretation  as  on  a  printer, 
plotter,  or  display  unit. 

-  The  ability  to  carry  any  ASCII  7-bit  character  enables 
the  message  to  contain  non-printing  characters  and  thus 
messages  can  be  readily  formatted  for  ease  of  human 
interpretation. 


5. 2. 1.3. 3  Block  Data 


-  Block  data  la  Intended  to  be  used  where  the 
message  is  of  extended  length* 


-  Block  data  supports  relatively  transparent 

data  transmission  and  thus  provides  for  the  capability 
of  sending  binary  data  messages. 


-  To  increase  the  data  integrity  for  long  message  lengths, 
several  alternate  check  means  are  provided.  The  rationale 
for  the  use  of  each  check  method  is  given  in  Clause  A. 3. 2. 3. 3. 


-  Each  block  data  field  requires  mandatory  preamble  consisting  of 
the  I# I  flag  followed  by  an  alpha  flag.  The  block  data  set  is 
limited  to  seven  explicit  choices; 

I B | T 1  fields  contain  explicit  length  and  check  mechanisms 
t S 1 0 { X |  fields  support  floating  point  numbers,  have  neither 
length  nor  check  mechanisms  and  use  the  |NULL|  code 
to  separate  multiple  values 

1H)0 |  fields  are  used  to  represent  non-decimal  data  with  a 
selected  set  of  ASCII  codes; 


-  Designers  should  consider  the  impact  of  buffer  size 
and  availability  and  not  assume  that  recipients  of  long 
records  will  be  capable  of  accepting  such  records 
automatically. 


2.1.4  Separator  Field 

Each  result  shall  be  terminated  with  one  of  the  separators  identified  in 
Figure  21A. 

Guidelines  for  the  selection  of  a  specific  separator  are  given 
in  Figure  21B  to  accomodate  the  construction  of  more  complex 
messages  containing  more  than  one  result. 

Use  of  the  END  message  indicates  the  device  expects  to  be 
further  instructed  (i.e.,  receive  a  device-dependent  message 
or  an  interface  message  such  a6  GET)  before  another 
measurement  data  message  is  output.  Systems  using  the  local  ton 
(calk  only)  message  may  resume  output  via  an  external  stimulus 
such  S6  "manual  trigger". 


Figure  21B  Separator  Usage  and  Hierarchy  Rules 
5.2.2  Alternate  Measurement  Message  Construction 

This  Recommended  Practice  does  not  define  the  mixing  of  program  and 
measurement  message  units.  The  occasion  may  arise  when  measurement 
results  from  one  device  need  to  be  transmitted  for  "processing"  to 
another  device.  In  this  case  measurement  result(s)  may  be  formatted 
according  to  the  program  message  syntax  constructs  as  defined  through 
out  Section  6. 
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6.  PROGRAM  MESSAGES 

Instrumentation  devices  are  called  upon  to  perform  many  different 
tasks.  This  process  of  performing  different  tasks  requires  changes  in 
the  basic  configuration  of  the  device  in  preparation  for  performing 
the  basic  measurement  or  stimulus  task.  A  device  might  be  required  to 
change  operating  mode,  measurement  range,  or  output  mode,  for  example. 
Receipt  of  program  instructions  effect  the  necessary  changes.  The 
specific  content  of  this  data  is  device-dependent,  however  the  organi¬ 
zation  or  general  format  of  these  application  dependent  messages  can 
be  structured  in  a  way  common  to  many  devices.  The  purpose  of  this 
Section  is  to  establish  a  set  of  recommended  practices  for  the  format 
of  program  messages  such  that  information  interchange  among  in¬ 
dependently  designed  devices  is  achieved  at  the  highest  possible 
level. 

6.1  Program  Message  Overview 

The  individual  syntax  diagrams  defined  throughout  Section  4  may  be 
used  to  construct  and  assemble  specific  program  data  messages  suited 
to  unique  applications.  A  generalized  form  of  typical  program  mess¬ 
ages  is  given  in  Figure  22  to  introduce  the  normal  flow  of  data  fields,  the 
"format"  of  the  message.  The  reader  is  cautioned  not  to  design  to 
this  diagram,  it  serves  only  to  introduce  the  general  flow  of  infor- 
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SEPARATOR 


INSTRUCTION 

Fig.  22  GENERAL  FORM:  PROGRAM  MESSAGE 

The  combination  of  a  header,  under  special  conditions  a 
separator,  and  the  instruction  data  itself  form  what  is  termed  a 
program  instruction.  This  is  equivalent  to  a  single 
message  unit:  the  instruction  is  processed  as  a  unit.  Some  form 
of  separator  is  then  used  to  distinguish  this  instruction  from 
the  next  one.  The  instruction  header  field  for  program  messages  is 
mandatory.  The  optional  header  separator/data  pair  is  denoted  by 
the  bypass  path  around  these  elements. 
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6.: 


PROGRAM  message  formats 


This  clause  sets  forth  the  explicit  syntax  for  a  common  set  of  pro¬ 
gram  messages  in  a  way  considered  to  be  relatively  device  and 
application  independent.  The  specific  content  of  each  data  field,  at 
the  lowest  level  (e.g.,  semantic  meaning  of  the  letter  P),  is  beyond 
the  scope  of  this  document.  Figures  23  A/B  set  forth  the  preferred  6yn 
tactic  construction  of  four  different  types  of  program  instructions 
ldentllfled  as  digit  data,  numeric  data,  string  data,  and  block  data. 
Either  Figure  23  A  or  Figure  23  B  are  to  be  viewed  as  a  SINGLE  program 
message  or  instruction.  Many  real  applications,  of  course,  require 
a  series  of  program  instructions.  A  subsequent  diagram  will  in¬ 
dicate  the  method(s)  available  to  achieve  a  variety  of  more 
complex  messages. _ _ _ 
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Figure  23A,  Program  Message  Syntax  Diagram 

***  WARNING:  any  data  field  ending  with  an  alpha  character 
requires  an  unambiguous  means  of  separation. 

The  syntax  shown  in  Figure  23A  is  simpler  than  that  shown  in  Figure  23B. 
A  header  separator  is  not  used  and  it  is  possible 

to  bypass  the  message  separator.  This  is  made  possible  by  limiting 
the  header  to  the  alpha  (HR1)  characters  only.  The  main  focus 


of  this  type  of  syntax  diagram  Is  to  facilitate  aachine-to- 
ma chine  communication  and  to  facilitate  simplicity  In  the 
programming  of  devices.  The  latter  can  be  achieved  by  a  high  degree 
of  correlation  between  front  panel  control  markings  and  the 
content  of  program  messages.  The  resultant  Instructions 
are  more  compact  and  less  human  readable  than  those  produced 
by  Figure  23B. 
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Figure  23,.,  Program  Message  Syntax  Diagram 

each  data  field  In  Figure  23B  is  explicitly  separated.  This 
permits  the  content  of  the  header  field  to  contain  non-alpha 
characters.  Likewise  the  data  field  can  now  incorporate 
a  character  data  field.  Use  of  the  space  as  a  header  delimiter 
permits  the  generation  of  messages  more  oriented  toward  human 
readibility.  The  use  of  special  characters  within  the  header 
and  the  character  data  field  permits  duplication  of  similar 
characters  located  on  the  front  panel  (e.g.,  VOLTS/DIV,  TRIG,  AUTO) 
Possible  similarities  between  program  instruction  and  actual  instru 
aent  operation  can  facilitate  a  self-documenting  program.  The  more 
human  like  instructions  derived  from  Figure  23B  will  require, 
in  general,  more  sophisticated  parsers. 


6.2.1  Program  Message  Construction 
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These  guidelines  and  recommendations  are  provided  to 
facilitate  the  construction  of  program  messages 
intended  for  the  highest  level  of  interchange  possible 
between  independently  designed  devices. 

6. 2. 1.1  General 

-  To  accommodate  a  wide  variety  of  devices  the 
program  message  may  contain  any  number  of  DABs. 

-  The  DABs  are  sent  most  significant  DAB  first  for  numeric  data. 

-  Program  messages  are  normally  input  to  a  device.  At 
times  it  is  useful  to  output  a  program  message  for 
storage  in  some  external  device  and  subsequent  recall  to 

the  originating  device.  Figures  23A  and  23B  may  be  considered 
as  useable  in  this  operational  mode. 

6.2. 1.2  Header  Field 

It  i6  MANDATORY  that  one  of  the  header  data  fields  be  used  in 
each  specific  program  instruction. 

-  For  Fig  23B,  the  HR  field  should  be  as  short  as  possible, 
contain  alpha  characters  only,  and  shall  be  unique  for  each 
individual  message  function. 

6.2. 1.3  Data  Field 


6.2. 1.3.1  Numeric  Data 

-  Use  of  the  alpha  suffix  permits  an  instruction  to  be  written 
and  read  in  normal  engineering  units.  For  example,  the  message 
CF123.45KHZ  establishes  a  center  frequency  of  123.45 
kilohertz  where  CF  is  the  header  and  KHZ  the  suffix. 


541 

542 

543 


1545 

1546 


6. 2. 1.3. 2  String  Data 

-  String  data  is  intended  where  the  message  is 

to  be  displayed  for  human  Interpretation  as  on  a  printer, 
plotter,  or  display  unit. 
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-  The  ability  to  carry  any  ASCII  7-bit  character  enables 
the  message  to  contain  non-printing  characters  and  thus 
messages  can  be  readily  formatted  for  ease  of  human 
interpretation. 

Example:  "CONNECT  PROBE  TO  TEST  POINT  H" 


.553  6. 2. 1.3. 3  Block  Data 

1554 

1555  ~  Block  data  fields  are  intended  to  be  used  where  the 

1556  message  is  of  extended  length. 

1557 

1558  -  Block  data  supports  relatively  transparent 

1559  data  transmission  and  thus  provides  for  the  capability 

1560  of  sending  binary  data  messages. 

1561 

1562  -  To  increase  the  data  integrity  for  long  message  lengths, 

1563  two  alternate  check  means  are  provided.  The  rationale 

1564  for  the  use  of  each  check  method  is  given  in  Clause  4. 3. 2. 3. 3. 

1565 

1566 

1567  Example:  #S  01000010  11100000  00000000  00000000 

1568  (These  four  bytes  in  binary  notation  follcwing  the  preamble 

1569  represent  the  number  1.75E+06  in  single  floating  point  notation 

1570  see  Appendix  E) 

1571 

1572 

1573  -  Designers  should  consider  the  impact  of  buffer  size 

1574  and  availability  and  not  assume  that  recipients  of  long 

1575  records  will  be  capable  of  accepting  such  records 

1576  automatically. 

1577 

1578 

1579  6.2. 1.3.4  Character  Data 

1580 

1581  -  The  character  data  field  permits  the  use  of  human  oriented 

1582  instructions.  It  is  allowed  only  with  Figure  23B. 

1583 

1584  Example:  DISPLAY  ON  or  DISPLAY  OFF  where  DISPLAY  is  the  header 

1585  ON  and  OFF  are  character  data  fields. 

1586 

1587 

1588  6.2. 1.3.5  Digit  Data 
1539 

1590  -  Use  of  an  HR1  field  followed  by  one  or  more  digits  provides 

1591  an  abbreviated  way  to  program  a  specific  function  (e.g., 

1592  range  R3).  This  method  of  programming  allows  equivalent 

1593  front  panel  switch  positions  (e.g.,  high,  medium,  low)  to  be 

1594  selected  where  precise  numeric  values  are  not  required. 

1594.1 

1595  Example:  R2L1 

1596  This  example  illustrates  a  simplified  program  instruction 

1597  for  "range  2"  (  10  volts),  "level  1"  (level  otf) 

1597,01  -  Allowed  only  in  Figure  23A. 
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6.2. 1.4  Separator  Fields 


Figures  23C1,  23C2,  and  23C3  provide  definition  for  three  basic  program 
instruction  formats.  Their  purpose  is  to  specify  the  manner  in  which 
more  complex  program  instruction  messages  and  sequences  can  be  con¬ 
structed  and  organized.  Each  diagram  defines  an  orderly  and  con¬ 
sistent  relationship  among  the  several  available  separator  types. 

Each  individual  syntax  diagram  may,  in  turn,  be  re-entered  by  looping 
back  from  rightmost  exit  to  leftmost  entrance  with  one  exception. 

When  an  END  message  separator  (l.e.  SR3)  is  encountered  the  diagram 
is  no  longer  re-entrant.  The  three  syntax  diagrams  of  Figures  23C 
provide  substantial  flexibility  for  the  construction  of  program 
Instructions. 

It  is  recommended  that  a  device's  hierarchical  separator 
capabilities  be  explicitly  defined  in  the  relevant 
product  documentation  to  facilitiate  use  of  the  product  in 
system  configurations.  Appendix  B  provides  further  guidance  in  this 
matter. 

Specific  requirements  and  guidelines  are  as  follows; 

-  Each  instruction  shall  be  terminated  with  one  of  the  separators 
identified  in  either  Figure  23A  or  Figure  23B. 

-  It  is  preferred  that,  within  a  device,  only  ONE  hierarchical  diagram 
be  used  (i.e.,  23C1  or  23C2  or  23C3). 

-  To  achieve  the  more  English-like  instruction  capability  defined 
in  Figure  23B,  the  |JSP|  i6  used  as  a  special  header  separator  in 
Figure  23C3.  The  reader  is  cautioned  to  consider  the  impact  of  this 
implementation  as  the  use  of  |SP_|  no  longer  has  a  univeral 
meaning.  A  given  product  in  a  specific  operating  mode  shall  use 
only  one  of  the  header  separators  (i.e.,  |,|  or  |SP|). 


Figure  23C1  Separator  Usage  and  Hierarchy  Rules 
(applies  for  use  with  Figure  23A  only) 

****WARNING:  Any  data  field  ending-with  an  alpha  character  requires 
unambiguous  means  of  separation  (e.g.  6et,  cal,  test). 
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Figures  23C2  and  23C3  Separator  Usage  and  Hierarchy  Rules 
(apply  to  Figure  23B  only) 


****  Warning:  Any  data  field  ending  with  an  alpha  character 
requires  an  unambiguous  means  of  separation. 
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7.  STATUS  MESSAGE 

IEEE  Standard  488  defines  both  serial  and  parallel  means  for 
sending  status  messages.  This  Section  defines  further  the  structure 
of  a  single  status  data  byte  sent  during  a  serial  poll.  Parallel 
poll  message  structure  is  specified  In  the  Standard. 

A  status  message  may  be  sent  from  a  device  with  an  STB  message  (D101...6, 
DI08)  in  response  to  a  serial  poll  sequence  vhen  the  device  is  in  the  SPAS 
6tate.  The  principle  purpose  of  the  STB  message  i6  to  present  critical 
summary  and  detailed  6tatus  to  the  controller-in-charge.  Summary  status 
means  the  logical  OR  of  detailed  status  within  the  same  category,  e.g.,  if 
more  than  one  abnormal  condition  exists.  A  wide  variety  of 
device-dependent  internal  states  and  conditions  may  be  carried  by  STB  mess¬ 
ages  and  therefore  a  complete  data  structure  and  code  assignment  is  not 
feasible.  A  degree  of  compatibility  between  devices  can  be  accommodated 
when  the  lines  DI01...6  are  used  according  to  the  conventions  in  this  Sec¬ 
tion.  The  RQS  message  (DI07)  is  sent  concurrent  with  the  STB  message. 

7.1  Summary  Status  Conditions 

DI06  sent  true  reports  a  summary  status  condition  associated  with 
abnormal  operation  of  a  device.  Typical  use  would  include  internal  error 
conditions  within  the  device  functions,  erroneous  program  message  6ent  to  a 
device,  incomplete  or  erroneous  measurement  message,  limit  or  alarm  con¬ 
ditions.  DI06  sent  false  reports  normal  operation  is  occuring  or  has  been 
completed  (e.g.,  currents  within  limits). 

7.2  Busy /Ready  Condition 

Note:  At  one  time  it  was  considered  appropriate  to  reserve  DI05  to 
indicate  the  fact  that  a  device  was  either  "busy"  completing  its 
assigned  task  or  "ready"  to  start  another  one.  In  this  case,  the 
"ready"  message  could  indicate  either  ready  to  have  "data  read  out" 
or  ready  to  "start  new  operation".  The  meaning  of  "ready"  + 
could  be  ambiguous.  The  demand  for  additional  device-  + 

dependent  status  message  code  space  led  to  the  + 

recommendation  of  clause  7.3.  If  it  is  meaningful  to  + 

indicate  busy/ready  messages,  then  use  of  DI05  is  + 

the  appropriate  signal  line.  + 

IEC  Publication  625-2  specifies  DI05  as  a  busy/ready  data  bit. 

7.3  Additional  Conditions. 

DI01-5  and  DI08  are  available  for  designer  assignment  to  report 
either  additional  summary  status  or  more  detailed  status. 

The  six  bits  (DI01-DI05  and  DI.08)  may  be  used  in  any  manner  to  report 
device-dependent  conditions. 

7.4  General  Guidelines 

The  preferred  code  assignment  for  the  STB  messages  are  given  in  Table  III. 
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Table  III:  Status  Message  Structure  and  Code  Assignment 

The  content  of  the  STB  message  sent  on  DI01-6  is  free  to  change 
between  STB  message  transfers  as  the  internal  device  functions 
change.  However,  the  coding  of  the  messages  for  a  given  device 
is  not  permitted  to  change.  Status  message  as  used  herein  refers  to 
a  single  STB  message  byte  as  defined  by  IEEE  Standard  488. 

If  more  detailed  status  data  is  required,  then  device-dependent  means 
are  to  be  used. 

The  conventions  of  this  Section  are  intended  to  be  used  where 
device-dependent  requirements  do  not  dictate  otherwise. 

If  a  device  has  one  and  only  one  reason  for  requesting  service, 
ther;  the  status  for  this  reason  may  be  indicated  on  the  RQS  bit. 


8.  DISPLAY  MESSAGES 

This  document  does  not  contain  a  specific  recommendation  for  the 
syntax  of  data  uniquely  utilized  for  display  purposes.  Both 
the  program  and  measurement  messages,  however,  can  be  used 
for  display  purposes.  The  character  and  string  data  types 
are  particularly  useful  for  this  purpose  for  which  the 
specifications  in  Sections  5  and  6  are  considered  useful. 

Display  messages  are  intended  for  device  input  or  output  where 
human  interpretation  is  important.  Display  messages  should  follow 
Section  5  specifications  for  measurement  messages  as  far  as 
possible. 


1762  9.  DATA  SHIFT  TECHNIQUES 

1763 

1764  Some  applications  require  that  DABs,  data  bytes  Input  to  a 

1765  device,  be  interpreted  as  one  type  of  data  during  a  given 

1766  aeries  of  message  unit  transfers  and  as  another  type  of 

1767  data  during  subsequent  message  unit  transfers.  Sections  5 

1768  and  6  of  this  Recommended  Practice  clearly  identify  several 

1769  different  data  types.  The  explicit  means  of  intermixing 

1770  different  data  type6  (e.g.,  program  instructions  and  measure- 

1771  ment  results)  is  beyond  the  scope  of  this  document.  However, 

1772  Clause  5.2.2  gives  some  general  guidelines. 

1773 

1774  IEEE  Standard  488  (Clause  5.5)  indicates  one  available  resource, 

1775  multiple  listen  addresses,  to  facilitate  a  given  device'6  reception 

1776  of  two  (or  more)  different  data  types. 

1777 

1778  The  designer  may  utilize  unique  device-dependent  coding  to  select 

1779  between  different  data  types  while  that  device  is  a  single  addressed 

1780  listener.  Care  must  be  exercised  to  avoid  ambiguous  code  assignments. 

1781  Assignment  of  these  special  "shift"  codes  may  reduce  the  remaining 

1782  code  space  available  for  measurement,  program,  or  display  data. 

1783 

1784 

1785 

1786  10.  DATA  CODING 

1787 

1788 

1789  10.1  Recommended  Code 

1790 

1791  The  ANSI  X3. 4-1977  ASCII  7-bit  code  is  the  recommended 

1792  data  representation  code  for  communication  of  device- 

1793  dependent  messages  as  described  throughout  Sections  5  &  6. 

1794  The  ASCII  7-bit  code  is  shown  in  Table  IV. 

1795 

1796  10.2  Hexadecimal  Code 

1797 

1798 

1799  The  ASCII  7-bit  code  set  may  be  used  to  represent  hexadecimal  data 

1800  for  communication  of  selected  device  dependent  messages.  The  code 

1801  set  6hall  be  as  follows: 

1802 

1803  |0|1|2|3|4|5|6|7|8|9|A|B|C|D|E|F| 

1804 
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90 
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10.3  Octal  Code 


The  ASCII  7-bit  code  set  nay  be  used  to  represent  octal  data 
for  comnunlcatlon  of  selected  device  dependent  messages.  The  code 
set  shall  be  as  follws: 

|0 1 1 1 2 1  3 14 1 5  1 6 1 7  | 

10.4  Floating  Point  Coding 

The  coding  techniques  for  floating  point  are  described  in  Appendix  E. 
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US 

able  IV  ASCII  7-bit  Code  (Note:NLcode  is  identical  to  Lr  code) 


11.  CODE  ELEMENTS  RELATED  TC  SIGNAL-LINES 


11.2  General  Coding  Rule 

Ir.  general,  the  least  significant  bit  of  a  multi-bit  code 
transferred  concurrently  across  the  interface  i6  placed  on 
the  DIO  line  with  the  lowest  number.  An  8-bit  binary  code 
shall  utilize  DIOl  through  DI08  to  represent  bits  2°  through  2 
It  is  preferred  that  for  a  single  data  byte  the  data  byte  be 
right  Justified  (e.g.  a  3-bit  code  utilizes  DIOl  through  DI05 
respectively  to  represent  bits  1  through  5).  Unused  signal 
lines  should  be  set  false. 


11.2  ASCII  7-Bit  Code  Element  Relationships 

The  ASCII  7-bit  code  bits  shall  be  assigned  to  the  DIO  signal  lines 
as  shown  in  Table  V.  DI08  is  set  false  if  it  is  not  used  for  any 
specific  purpose  (e.g.  DAB  or  parity). 


Column  of 
ASCII  7-bit  Code  I 

DIO  line  I 


b7 

b6 

b5 

b4 

b3 

b2 

bl 

DI07 

DI06 

DI05 

DI04 

DI03 

DI02 

DIOl 

TABLE  V:  Code/Line  Relationship 


12.  ERROR  DETECTION 

The  need  for  error  detection  capability  within  instrumentation 
systems  varies  significantly  in  relation  to  the  nature  of  the 
noise  environment,  nature  and  importance  of  data  carried  on  the 
interface,  type  of  device  function  active  at  both  data  source  and 
acceptor,  and  the  overall  system  application. 

The  choice  of  which  error  detection  technique  should  be  used  is 
application  dependent;  therefore  a  single  method  is  not 
recommended.  Several  common  techniques  are 

as  listed  below,  along  with  comments  about  their  application. 


12.1  Error  detection  "at  the  bit  level" 


12.1.1  A  simple  lateral  parity  bit  on  DI08  to  detect  errors 
contained  on  DI01-7  for  the  ASCII  7-bit  code  provides  minimal  means 
for  error  detection  and  requires  minimal  hardware.  Parity  check, 
permits  detection  of  a  single  error  within  the  bit  grouping  of  a 
byte.  Multiple-bit  errors  within  a  byte  may  not  be  detected. 

Use  of  DIOS  as  a  parity  bit  is  not  preferred. 

12.1.2  A  longitudinal  parity  check  bit  on  any  given  DIO  line  at 
the  end  of  a  data  record  may  be  used  in  the  same  way  as  the 
lateral  parity  check  bit  for  the  same  purpose  and  results. 

See  Clause  4. 3. 2. 3. 3  for  guidance  on  the  use  of  checksum  techniques. 

12.1.3  A  cyclic  redundancy  check(CRC)  is  much  more  comprehensive* 
and  assures  a  higher  degree  of  error  detection 

capability ,  see  Clause  4. 3. 2. 3. 3  for  CRC16  for  details. 


12.2  Error  detection  "at  the  message  level" 

12.2.1  An  Instrument  receiving  a  programming  command  message  can 
check  the  message  for  proper  syntax  so  that  all  the  data  that  is 
expected  has  the  proper  format.  Commands  not  having  the  proper 
syntax  should  not  be  executed.  Instead,  a  service  request  (SRQ) 
message  should  be  generated  and  the  status  byte  (STB)  on  the 
subsequent  serial  poll  should  indicate  a  syntax  error. 

12.2.2  An  Instrument  receiving  a  programming  command  message 
can  check  the  semantics  of  the  message  to  see  if  they  are  mean¬ 
ingful  and  executable.  For  example,  a  power  supply  with  a  maxi¬ 
mum  output  of  50  volts  should  not  attempt  to  execute  a  command 
that  tells  it  to  output  500  volts.  Instead,  a  service  request 
should  be  generated  and  the  status  byte  on  the  subsequent  serial 
poll  should  indicate  an  execution  error. 

12.2.3  The  types  of  errors  listed  in  12.2.1  and  12.2.2  above  are 
generally  human  errors  in  programming  instruments  or  controller 
generated  commands  which  produce  out  of  bounds  conditions.  The 
recovery  from  these  errors  normally  involves  human  intervention 
and  is  beyond  the  scope  of  these  recommended  practices. 

12.3  Error  recovery  is  often  a  required  capability  in  systems 
having  error  detection.  Specific  error  recovery  techniques  are 
beyond  the  scope  of  this  Recommended  Practice.  Two  common  approaches 
are  retransmission  of  data  received  in  error  and  use  of  forward 
error  correction  (e.g.,  Hamming  codes). 


Appendix  A 

MESSAGE  FORMAT  EXAMPLES:  SYNTAX  DIAGRAM  USE 
A1.0  General  Comments 

The  conventions  presented  throughout  this  document  provide  the 
designer  and  user  with  a  set  of  recommended  formats  for  each 
different  message  type. 

Rigid  and  mandatory  message  structures  are  considered  to  be  too 
restrictive  for  broad  general  use.  Typical  formats  for  several 
different  messages  are  given  in  this  Appendix  to  illustrate  the 
application  of  the  recommended  conventions.  It  is  expected  that 
individual  product  designs  may  deviate  from  the  recommended 
conventions  in  special  circumstances.  Adherence  to  the  recommended 
formats  is  encouraged  strongly  to  increase  the  level  of  information 
interchange  and  compatibility  among  interconnected  devices. 

Al . 1  Measurement  Messages  (per  Fig.  21A  and  21B) 

A1 .1.1  One  voltage  measurement  of  +10.002  VDC  is  taken  on  the  10 
volt  range  and  expressed  In  NR3  (exponential)  notation.  The 
numeric  value  is  preceded  by  an  alpha  header  to  indicate  the 
type  (DC)  measured  result.  The 

message  is  concluded  with  CRLF  for  one  measurement  result. 


Measurement  Result: 


DC+1 000  2 . E-0  3CRLF 


Syntax 

Construction: 

/T\  . 

1  1 

\iJ 

•j  »f  • 


m — v  *  a  u  r 


s  l 

£c'r.?<Z ’rl.?  C.CLf 


1 946  Fig.  2 IB 


■rr-n  1 

WtfibCtZ  pc 


1946.2  Fig.  21A 


Mdiurfinfht  Result 


Al.1.2  A  spectrum  analysis  is  made  over  a  specified  frequency 
span  yielding  1000  measurements  expressed  in  NR 2  notation  and 
separated  by  commas  (in  this  case  the  dBm  units  are  implicit). 


Measurement  Results: 


-10.5,-11. )-86. 1 f ( . . . )~11. t 1  *  END] 


NOTE:  The  (...)  symbols  do  not  appear  in  the  actual 

message.  They  serve  only  to  indicate  additional 
data  in  this  example.  [  ]  Indicates  END  sent 
concurrent  with  last  byte  |1|  of  "result". 


Syntax  Construction: 


I  *  n  •cm* 


1964.02  Fig.  21B 


nr2  I  surr,, 


'ptii  A 


— r  string  data 


,  K0C« 

*  Mltwlit  — — ^  Dai  a 


— 


1964.04  Fig.  21A 


*,  V'rV  V! 


1 9 6?  Al.1.3  A  frequency  counter  with  two  channels  (A  and  E)  measures 

196£  frequencies  of  A. 23  kHz  and  2.60  kHz. 

1969 

1Q70  Measurement  Result: 

1971 

1972 

1973  ATKHZ4 .  23 ,BFKHZ2 . 60NL 

1974 

1975  Syntax  Construction: 

1976 


Measurement  ResuJ t 


1976.4  Fig.  21A 


Al .  1 . 5  An  oscilloscope  sends  a  waveform  Identification  as  a  string 
value  and  the  waveform  Itself  (1024  data  points)  as  a  block  value 
(requires  two  passes  through  the  syntax  diagram  separated  by  |,f) 

Measurement  Result:  WAVEFORM  "CHANNEL  1",*BLLD. . .DDDC[C“END] 

where;  L  ■  0100  0100  (length  byte  1)  (data  field  even,  CRC  used) 

L  *  0000  0010  (length  byte  2)  (total  length  1026  bytes) 

D  -  0110  0000  (point  1) 


0110  1000 
1011  0000 
1000  1101 
xxxx  xxxx 
xxxx  xxxx 


(point  1022) 

(point  1023) 

(point  1024) 

(CRC  check  byte  1) 
(CRC  check  byte  2) 


Syntax  Construction: 


2003.02  Fig.  21B 


'PpSS  <L 


1 - 

mm  STRING  DATA 

^  HR  2 

KUr 

-Txy 

2005.04  Fig.  21A 


i 

« 

< 


oo  1  f  i  —  _r 

14  c*r.  wmr* 


i  z 


He*jur»«ient  Result 


A1.2  Program  Messages  (per  Fig.  8A  and  8C1) 


Al.2.1  A  voltmeter  Is  programmed  to  measure  DC  volts  on 
the  10  V  range (RA)  upon  receipt  of  an  Internal  trigger(Tl)  and 
output  the  measured  quantity  once  the  program(P)  Is  executed. 
The  DC  function  (F0)  Is  performed  using  mode  3(M3) 


Program  Instruction(s): 

Case  A:  F0R4T1M3P 

Case  B:  FCTNORNGE4TRIG1MODE3PROG 


Syntax  Construction: 


2023.2  Fig.  23C1 


2023.4  Fig.  23A 


/-Y 


C*i*  A  Cist  9 

Da  t  a 

ft  0  FCTN  0 

ft  *  RNCE  4 

T  1  TRIG  1 

N  3  mode  3 

ft  ftfiCC 


>  /•  > 


Al.2.2  A  spectrum  analyzer  is  programmed  to  make  and  store 
1000  amplitude  measurements  using  the  A3  mode  of  storage 
and  display.  These  measurements  are  to  be  centered  about  a 
frequency  (CF)  of  12.345  KHz  over  a  span  (SP)  of  1000  Hz. 

The  take  sweep  (TS)  command  causes  this  measurement  sequence 
to  be  executed  once: 

Program  Instruction: 

CF12. 345E+06H2SP1000HZTSA3 
Syntax  Construction: 


2038.1  Fig.  23C1 


2038.3  Fig.  23A 


fi?SS CS  /,  Z,  1 
7>'US  3 

Pass  Htjdtr  Data 

1  CF  12.345E+06H2 

2  9>  1000HZ 

3  73 


fuss  z- 


/PASJ  1 


r -  -f  y 


i'j'j 


Al.3.2  Set  a  power  supply  to  10.5  volts  with  the  output  on 
(requires  two  passes  through  syntax  diagram). 

Program  Instruction: 

VOLTS  10.5;OUT?UT  ONCRLF 

Syntax  Construction: 


2069.1  Fig.  23C2 


P»S5.  H»4d*r  Imti 

1  V01T3  10.5 

2  OUTPUT  ON 


•?ss  1 


TViV  ~> 


2069.3  Fig.  23B 


1 

» _ J 

f 

CHAPACTtP 

l\ 

w 

OAT  A 

Al.3.3  Have  a  plotter  draw  a  square  and  label  it  "DEMO". 
Program  Instruction: 

MOVE  10.10NL  RAW  90,10;  90,90;  10,90;  10.1ONLMOVE  40.0NL 
LABEL  "DEMO [ " “END ] 

Syntax  Construction: 


2082.1  Fig.  23C3 


/— i  ~L 


2082.3  Fig.  23B 


.  a^pha  — 

1 

r! 

CHARACTER 

\ 

V  ' 

DATA 

Hiidtrr 


i 

nwi 

10 

10 

90 

A 

10 

5 

90 

6 

9< 1 

7 

10 

■3 

9C> 

o 

10 

10 

III 

11 

MOVE 

*0 

i: 

0 

t? 

LABEL 

*[£b 

APPENDIX  B 
FORMAT  CAPABILITY  IDENTIFICATION  CODES 


B1  General  Comments 

Sections  5  and  6  of  thi6  Recommended  Practice  define  the 
syntactical  structure  of  two  broad  type6  of 
messages  for  general  use  in  the  design  and  application  of 
instrumentation  systems;  measurement  messages  and  program 
messages.  It  i6  helpful  to  have  products  using  this 
Recommended  Practice  employ  the  format  capability  codes 
(mnemonics)  listed  in  Section  B2  as  a  means  to  assist  the 
U6er  in  identifying  the  specific  syntactic  structures  employed 
within  a  particular  product.  The  mnemonic  representation 
of  specific  formats  used  by  a  product  may  be  placed  on 
that  product's  data  sheet,  operating  manual  and,  where 
feasible,  on  the  product  iL=clf. 

B2  Format  Capability  Identification  Codes 


The  Table  below  lists  those  data  fields  and  message  unit  constructs 
(particularly  the  hierarchial  message  constructs)  and  the  assigned 
mnemonics  considered  to  be  useful  in  identifying  product 
message  format  capability.  Sections  5  and  6  of  this  Recommended 
Practice  define  the  hierarchial  message  structures  used  when 
multiple  message  units  are  assembled  together.  Mnemonics 
for  these  constructs  are  also  given. 


Data  Field  Elements 


Numeric  data  field 
Implicit  point 
Fixed  point 

Scaled  (floating  point) 

String  data  field 

Character  data  field 

Block  data  field 
Binary  Block 
Text  Block 
Single  Precision 
Double  Precision 
Extended  Precision 
Hexadecimal 


Mnemonic 


N  N  N  N  N  rj  M  N  ri  m  fl  rj 


Digit  data  field 


Message  Unit  Formats  and  Hierarchial  Separators: 


2165 

166 

167 

168 

169 

170 

171 

172 

173 

174 

175 

176 

177 

2178.1 

2179 

2180 


Measurement  Messages 
o  syntax  per  Figures  21A  and  2 IB  MM1 

Program  Messages 

o  syntax  per  Figures  23A  and  23C1  PM1 

o  syntax  per  Figures  23B  and  23C2  PM2 

o  syntax  per  Figures  23B  and  23C3  PM3 

In  addition,  it  is  considered  useful  to  identify  the  set  of  explicit 
separators  used  with  the  product.  Identification  of  the  intra¬ 
message  separators  and  EXIT  separators  is  useful  for  both  the 
messages  sent  and  received,  as  appropriate. 

B3  ADDlication  of  Format  Capability  Codes 


The  mnemonic  codes  presented  in  this  appendix  allow  concise  expression 
of  the  message  syntax  used  by  that  device. 

IT  IS  NOT  EXPECTED  THAT  ALL  POSSIBLE  COMBINATIONS  OF  A 
DEVICE'S  MESSAGE  SYNTAX  CAPABILITY  CAN  BE  IDENTIFIED  IN  SHORT 
MNEMONIC  FORM.  It  is  however,  recommended  that  the  operating 
manual  describe  the  message  syntax  capabilities  in  detail 
such  that  assembly  and  use  of  the  product  is  facilitated. 

B3.1  Measurement  Message  Examples: 

Measurement  message  examples  given  in  Appendix  A  are  further 
illustrated  here  by  the  addition  of  the  relevant  format 
capability  codes; 


Message 


Format  Capability  Codes 


2181 

DC+10002 . E-03CRLF 

NDR3 

MM1 

CRLF 

2182 

2183 

-10. 5,-11. 1, -86. [1 ~END] 

NDR2 

MM1 

1 ,  1  END 

2184 

2135 

AFKHZ4.23.BFKHZ2.60NL 

NDR2 

MM1 

1,  !NL 

2186 

2137 

VOLTS  10.00 [2'END] 

NDR2 

MM  I 

END 

2188 

2189 

2190 

WAVEFORM  "CHANNEL  1", 
f'BLLDDDDC[C*END] 

3DFB 

MM1 

1  ,  1  END 

rj  ro  to  k?  h)  rj  to 


_192  E3.2  Program  Message  Examples; 

219  3 

219-  Program  message  examples  given  In  Appendix  A  are  further 
2195  illustrated  here  by  the  addition  of  the  relevant  format 
2 1 9 1  capability  codes; 

157 
1 9  S 


2199 

2200 

Message 

Capability 

Code(s ) 

2201 

2202 

F0R4T1M3P 

NDR1 

pm; 

2203 

2204 

FCTNORNGE4TRIC1MODE3PROC 

NDR1 

PMl 

2205 

2206 

CF1 2 . 345E+06RZSP1 000HZTSA3 

NDR3 

PM1 

2207 

2207.1 

NDR1 

2  2  Of 

VI+5 . 25 , 1 20E-G3 ;-5. 25 , 60E0 [ 3* END] 

NDR2 

PMl 

1 ,  I  ;  |  END 

2209 

NDR3 

2209. 1 
2210 
2211 

RANGE  10 [V  *  END] 

NDR1 

PM  2 

END 

^  O  i 

VOLTS  10. 5; OUTPUT  ONCRLF 

NDR2 

PM2 

| ; ICRLF 

2213 
2213.1 

2214 

MOVE  1C , 10NLDRAW  90,10;  90,90; 

CHDF 

2215 

10 , 10NLMOVE  40 , 0KLLABEL 

NDR1 

2216 

"DEMO  ['"END] 

STDF 

PM  3 

I ,  l ;  I  END 

<;r> 
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Appendix  C 

Preferred  SI  Units  and  Multipliers 


General  Comments 

The  preferred  SI  units  and  multipliers  are  representative 
of  the  information  presented  in  IEC  Publication  27-1  and 
27-2  "Letter  Symbols  to  be  Used  in  Electrical  Technology" 
and  in  ASCII  1000-1973  "SI  units  and  Recommendation  for 
Use  of  Their  Multiples"  and  ASCII  2955-1974.  "Information 
Processing  -  Representation  of  SI  and  other  Units  for  use 
In  System  with  Limited  Character  Sets"  (If  per  ASCII  2955 
revision  now  under  consideration). 


NOTE:  THE  SI  UNITS  AND  MULTIPLIERS  LISTED  BELOW  ARE  TO  BE 
CONSIDERED  AS  GENERAL  RECOMMENDATIONS  AND  GUIDELINES  ONLY. 
THE  ASSIGNMENT  OF  ABSOLUTE  SEMANTIC  MEANING  TO  SPECIFIC 
CHARACTERS  IS  BEYOND  THE  SCOPE  OF  THIS  DOCUMENT.  THE  DE¬ 
SIGNER  SHOULD  SELECT  CHARACTERS  IN  SUCH  A  WAY  AS  TO  AVOID 
AMBIGUITY  OF  MEANING. 


Cl . 1  Base  SI  Units 


Common  Upper 
Usage  Case 


Cl. 2  Derived  SI  Units 


metre 

m 

M 

kilogram 

kg 

KG 

second 

s 

S 

ampere 

A 

A 

kelvin 

K 

K 

mole 

mol 

MOL 

candels 

cd 

CD 

ts 

hertz 

Hz 

HZ 

newton 

N 

N 

pascal  (If) 

Pa 

PAL 

joule 

J 

J 

watt 

W 

W 

vol  t 

V 

V 

farad 

F 

F 

ohm 

JT- 

OHM 

siemens 

S 

SI  E 

weber 

Wb 

WB 

21  7  i 

2  2  7  3 

Cl . 3  Other  Units 

Common 

Usage 

Uppe 

Case 

22~4 

grade 

(angle ) 

g  ( s  )  * 

CON 

2275 

degree 

(angle) 

®(s) 

DEC 

227o 

mi  nut e 

(angle ) 

'(s) 

mnt 

2277 

6econd 

(angle ) 

”(s) 

SEC 

2278 

litre 

1 

L 

2279 

are 

a 

ARE 

228C 

minute 

(time ) 

mi  n 

KIN 

2281 

hour 

h 

HR 

2282 

day 

d 

D 

2283 

year 

a 

ANN 

228m 

gram 

g 

G 

2283 

tonne 

t 

TNE 

2286 

bar 

bar 

BAR 

2287 

poise 

P 

P 

2288 

s  t  ok  e  s 

St 

ST 

2289 

elect  ronvo It 

eV 

EV 

2290 

Degree 

Celsius 

°C 

CEL 

2291 

atomi c 

mass  unit 

u 

U 

*(s)  indicates  symbol  is  used  in  the  right 
superscript  position  (like  an  exponent) 


Cl . 4  Multipliers 


Multipliers  Factor  by  International  Representation 
which  Symbol  for 

unit  is  (Common  Use  Simple  Character 


eta  ** 

pe  t  a  *  * 

te  ra 

Riga 

mega 

kilo 

hecto 

dec  a 

deci 

centi 

milli 

micro 

nano 

pico 

femto 

atto 


cnit  is  (Common  l 
Multiplied  Symbol) 

ToTT?  E 

\0*'S  P 

T 

10  S  G 

10^  k  K 

lO^"3  k 

10  t  h 

10 1'  da 

10"  d 

10"7*  c 

10' 3  m 

10  "t  u 

10-V  n 

10"^  P 

10"  f 

10"'^  a 


EX 

PE 

T 

G 

MA  **** 


****  Use  of  M  in  place  of  MA  is  the  preferred  practice  if 
no  textual  confusion  results. 

**  Per  ISO  2955 


APPENDIX  D 


Listen  Mode  Recommendations 


D1  General  Comments 
Devices  are  expected 

to  send  device-dependent  data  (in  TACS)  according  to  the 
message  formats  defined  throughout  this  document. 

Both  instruments  and  controllers  can  however,  improve 

the  ''evel  of  information  interchange  by  listening  "forgivingly" 

when  in  LACS.  To  listen  forgivingly,  a  device  should 

accept  not  only  messages  that  are  in  the  exact  formats 

specified  in  Sections  5  and  6,  but  also  messages  that  may 

have  minor  variations  of  these  format  structures.  Some  of 

the  likely  variations  are  due  to  inadvertent  human  error 

and  limited  capability  in  some  products  to  provide  a 

variety  of  output  formats  resultant  from  cost  or  performance 

considerations  (e.g.,  an  instrument  optimized  for  one  single 

application  but  used  in  a  totally  different  application) . 


D2  Specific  Recommendations 


Ir.  order  to  make  the  use  of  instruments  and  controllers 
more  flexible  in  a  variety  of  system  applications  and  to 
promote  the  highest  level  of  inf orma t ion  interchange 
possible  with  IEEE  wPS  products,  these  recommendations  are 
given  with  the  idea  of  listening  "forgivingly"; 


1.  Numbers  (i.e.  NR1-NR3)  having  a  ZERO  value  and  negative 
sign  should  be  accepted. 

2.  NR3  representations  that  do  not  have  a  signed  exponent 
should  be  accepted. 

3.  If  a  device  receives  an  NR  that  has  greater  precision 
than  the  device  can  handle  internally,  the  device  should 
"round-off"  the  value  rather  than  truncate  it. 

4.  Wherever  feasible,  HR  and  other  data  sent  to  a  device  as 
lower  case  alpha  characters  should  be  interpreted  as  the 
corresponding  uoper  case  characters.  This  capability  makes 
a  device,  instrument  or  controller,  easier  to  use  where  the 
sending  device  outputs  either  upper  or  lower  case  alphas 

as  oart  of  their  ordinary  operations. 


•-  ••'a’.s  -a-. 
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APPENDIX  E 


:37t' 

2  37  9 

2380  E  1:  Floating  Point  Representations 

2381 

23£2  The  block  representations  specified  throughout  Clauses  4. 3. 2. 3, 

2383  5.2. 1.3.3  and  6. 2. 1.3. 4  reference  means  to  express  both 

2384  single  and  double  precision  floating  point  numbers. 

2385 

2386  An  IEEE  draft  standard  is  under  consideration  which  addresses 

2387  this  subject  and  contains  specific  proposals  for  single  and 

2388  double  precision  representations  as  well  as  extended  single- 

2389  precision  representation  considered  useful  for  application  to 

2390  IEEE  Std.  488  compatible  products. 

2391 

2394 

2395  E.2  Extracts  from  draft  IEEE  Floating-Point  Arithmetic  Std. 

2  396 

2397  E2.1  BASIC  FLOATING  POINT  FORMATS.  Any  nonzero  real  number  may 

2398  be  expressed  in  "normalized  floating  point"  form  as  +/-2e*f, 

2399  where  e  is  the  signed  integer  exponent  and  the  significant  digit 

2400  field  f  satisfies  1^  f<2.  The  draft  standard  describes  a  machine 

2401  representation  of  a  finite  subset  of  the  real  numbers  based  or 

2402  this  floating-point  decomposition,  and  prescribes  rules  for 

2403  arithmetic  on  them. 

2404 

2405  There  are  two  basic  formats,  single  and  double  precision  that  may  be 

2406  implemented  in  one  of  the  combinations  shown  in  Table  E.l. 

24C7  Single  is  required  since  it  is  useful  as  a  debugging  precision  and 

2408  is  efficient  over  a  wide  range  of  applications  where  storage  economy 

2409  matters. 

2409.01 

2409.1  A  normalized  nonzero  number  X  in  the  single  format  has  the  form 

2411  X  =  (-1)°*2  (l.F)where 

2412 

2413  S  =  s ign  bi  t 

2414  E  =  8-bit  exponent  biased  by  127 

2415  F  *=  X's  23-bit  fraction  which,  together  with  an  implicit 

2416  leading  1,  yields  the  significant  digit  field  "1.-". 

2417 

2418  The  values  0  and  255  of  E  are  reserved  to  designate  special  operands 

2419  discussed  in  later  sections;  one  of  them,  signed  zero,  is  represented 

2420  by  E=F=0.  Normalized  nonzero  sinrle  numbers  can  range  in  magnitude 
24  21  between  2 . 000. . .00  and  2 . 1 1 1 . . . 1 1 ,  inclusive. 


This  encoding  has  the  special  property  that  the  order  of  floating 
point  numbers  coincides  with  the  lexicographic  order  of  their  machine 
counterparts  when  interpreted  as  sign-magnitude  binary  integers, 
facilitating  comparisons  of  numbers  in  the  same  format. 

E2.2  EXTENDED  FORMATS.  To  perform  the  arithmetic  operations  on 
numbers  stored  in  the  single  and  double  formats,  a  system  will 
generally  unpack  the  bit  strings  into  their  component  fields  S,E, 
and  F.  Moreover,  the  leading  significant  bit  will  be  made  explicit, 
and  perhaps  the  bias  will  be  removed  from  the  exponent. 

The  draft  standard  provides  a  way  to  exploit  this  unpacked  format  by 
admitting  the  optional  single-extended  format  per  Table  E.2. 

If  implemented  at  all,  only  single  extended  format  should  be  provided 


Table  E.l 


2446 

244/ 

2448 

2449 

2450 

2451 

2452 

2453 

2454 

2455 

2456 

2457 
24  58 
2459 
246C 

2461 

2462 

2463 

2464 

2465 

2466 

2467 

2468 

2469 

2470 

2471 

2472 

2473 

2474 

2475 

2476 

2477 

2478 
2*79 
2480 
_4S  1 

2482 

2483 

2484 

2485 

2486 

2487 
2438 

2489 

2490 

2491 

2492 

2493 


BASIC  FLOATING  POINT  FORMATE 


Fields  and  widths  in  bits: 
S  -  Sign 
E  *  Exponent 
L  ■  Leading  bit 
F  *  Fraction 
Total  Width 

Sign: 

Exponent : 

Max  E 
Min  E 
Bias  of  E 


SINGLE 


DOUBLE 


1 

8 

(1) 

23 

(1 )+32 


1 

11 

(1) 

52 

( 1 )+64 


+/-represent  by  0/1  respectively 
biased  integer 


255 

0 

127 


2047 

0 

1023 


Normalized  numbers: 
Range  of  E 
Represented 
number 

Signed  zeros: 

E 

L 

F 

Reserved  operands: 

Denornalized  numbers: 
E 
L 
F 

Represented 
numbe  r 
Signed  4>o  S : 

E 

L 

F 


(Min  E  +  1) 
(-])**  2 


(Max  E  -1) 


Min  E 

(0) 

0 


Min  E 

(0) 

0 


Min  E  Min  E 

(0)  (0) 

nonzero  .  _  nonzero 

(-1)  2e  "A/O-i  (l.F) 


Max  E 

(0) 

0 


Max  E 

(0) 

0 


NaNs: 

E 

L 

F 

F  «  system-dependent, 


Max  E 

(0) 

nonzero 

possibly  diagnostic. 


Max  E 

(0) 

nonzero 
inf  ormation. 


TABLE  E. 2 

EXTENDED  SINGLE  PRECISION  FORMATS 

Single-Extended 


Fields  and  widths  in  bits: 

S  *  Sign 
E  *  Exponent 
L  ■  Leading  bit 
F  *  Fraction  ^ 

Total  Width  > 

Sign: 

Unbiased  exonent: 

Max  E  > 

Min  E  < 

Nunbe  rs : 

Range  of  E 
Represented  number 

Bottom  of  the  exponent  range: 
E 
R 

Represented  number 
Signed  zeros: 


♦/■represented  by  0/1  respectively 

(mav  be  stored  with  a  bias) 

'  1024 
-1023 


(Min  E  +  1)  to  (Max  E  -1) 
(-l)'f*2f!*(L.F) 


Min  E 

0  or  zr*. 

(-l)i'^2r”'(L.F)) 

use  special  indicator  bits,  or  else 
Min  E 
0.0 


Reserved  operands: 
SignedooS : 


lignedooS:  use  special  indicator  bits,  or  else 

E  Max  E 

L  0  or  1 

F  0 

NaNs:  use  special  indicator  bits,  or  else 

E  Max  E 

L  0  or  1 

F  nonzero 

F  =  system  dependent,  possibly  diagnostic,  information 


E2.3  Relationships  to  DIQl-DIOS  Signal  Lines 

Transmission  of  floating-point  representations,  via  IEEE  Standard 
488  shall  be  structured  in  accordance  with  the  following  re¬ 
lationships  between  DIO  signal  lines  and  the  floating-point  numbers 
1 1.  this  clause  MSB  and  LSB  refer  to  most/least  significant  bit. 


E.2.3.1  Single  Precision 

8  18  18  18  1  <-  DIO 

********  ********  ********  ******** 

*S*  E  *  *E*  F  *  *  F  *  *  F  * 

********  ********  ********  ******** 

MSB  LSB 

E.2.3.2  Single  Extended  Precision 

8  18  18  18  18  18  1  <-DIO 

*******  *******  *******  *******  *******  ******* 

*S*  e**e*f**f**f**f**f* 

*******  *******  *******  *******  *******  ******* 

MSB  LSB 

E.2.3.3  Double  Precision 

8  18  1818181818181  <-DIO 


****** 

****** 

***** 

***** 

***** 

***** 

***** 

***** 

*S*E  * 
****** 

*E*  F* 
****** 

*  r  * 

**  *** 

*  p  * 
***** 

*  p  * 
**  *** 

*  p  * 
***** 

*  p  * 
***** 

*  p  * 
***** 

-575 

»»»  ALPHABETICAL  INDEX 

««« 

2575.01 

2575.02 

2575.03 

2577 

2578 

2579 

2580 

SUBJECT 

CLAUSE 

2581 

2582 

2583 

Alpha  Header 

4. 3. 1.1 

2584 

ASCII 

Table  IV 

2585 

2536 

BDFB 

B2 

2587 

BDFD 

B2 

2588 

BDFH 

B2 

2568.1 

BDFO 

B2 

2589 

BDFS 

B2 

2590 

BDFT 

B2 

2591 

BDFX 

B2 

2592 

Block  check  bytes 

4. 3. 2. 3. 3 

2593 

Block  Data  Field 

4. 3. 2. 3 

259- 

Block  Length  Bytes 

4. 3. 2. 3. 2 

2595 

Block  Preamble 

4. 3. 2. 3.1 

2596 

2597 

Character  Data 

4. 3.2.4,  6. 2. 1.3. 4 

2598 

Character  Header 

4. 3. 1.3 

2599 

CHDF 

B2 

2600 

Check  Bytes 

4.3.2. 3. 3 

2601 

Checksum 

4. 3. 2. 3. 3 

2602 

Codes 

2603 

ASCII 

10.1,  Table  IV 

2604 

Floating  Point 

Appendix  E 

2605 

Hexadecimal 

10.2 

2606 

Octal 

10.3 

2607 

CRC16 

4. 3. 2. 3. 3 

26C8 

2609 

Data 

2610 

31ock 

5. 2. 1.3. 3,  6.2. 1.3.3 

2611 

Character 

4. 3. 2.4,  6. 2. 1.3. 4 

2b  1  2 

Digit 

6. 2. 1.3. 5 

2613 

Numeric 

4.3.2. 1,  5. 2. 1.3.1,  6.2. 1.3.1 

26  1  - 

String 

5. 2. 1.3. 2,  6.2. 1.3.2 

1  3 

DIDF 

B2 

26  1  o 

Digit  Data 

6. 2. 1.3. 5 

26  1  7 

Display  Message 

4. 1.1.4 

2618 

2619 

Error  Detection 

1  6 

A  *- 

2622 

26  21 

Floating  Point  Formats 

Appendix  E 

2622 

Forgiving  Design  Rules 

Appendix  D 

262  3 

Format  Identification  Codes 

Appendix  3 

2624 

Formatted  Header 
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DRAFT  DATA  MANAGEMENT  AND  CONTROL  SOFTWARE  SPECIFICATIONS 

1.0  SCOPE 

This  specification  contains  minimum  functional  requirements  for  the  computers,  control 
software,  and  data  management  software  for  the  Retirement  for  Cause  (RFC)  Inspection 
System.  The  software  provides:  (1)  process  control  in  the  automated  examination  of  engine 
component  parts;  (2)  general  data  acquisition  and  process  control;  and  (3)  data  base  manage¬ 
ment  functions. 

2.0  APPLICABLE  DOCUMENTS 

The  following  documents  form  a  part  of  this  specification  unless  restricted  elsewhere  in 
this  specification. 

2.1  Government  Documents 

2. 1. 1  Specifications 

Mil.  T  2H800B  Test  K.quipment  for  Use  With  Klectrical  and  electrical  and 
electronic  equipment  (ieneral  Specification 

MIL-I-15208  Inspection  System  Requirements 

MIL-M-38784  Manuals  Technical  —  General  Style  and  Format  Requir- 

ments 

MU, -1-18303  Test  Procedures,  Reproduction,  Acceptance  and  Life  for 
Aircraft  electronic  equipment  --  Format 

2.1.2  Standards 

MIL -STD-810  environmental  Test  Methods 

MIL-STD-831  Test  Reports  Preparation 

MIL-STD-109  Quality  Assurance  'Perms  and  Definitions 

2. 1.3  Other  Publications 

D1  MM20  Instruction  Manual  Minimum  Specification  Require 

ments 

2.2  Nongovernment  Documents 

ANSI  Y32.14  1973  Graphic  Symbols  for  Logic  Diagrams 


ANSI/AS  PM 
K20H  70 


Standard  Definition  of  'Perms  Related  to  electro  Magnetic 
Testing 


I*' I A  STI  > 
US  lilO-C 


UL  1410 


Standard  lor  Hacks,  Panels,  and  Equipment 


Standard  for  Television  Receivers  and  Video  Products 


IEEE  STD  100  IEEE  Standard  Dictionary  of  Electrical  and  Electronic 

Terms 


IEEE  Standard  Digital  Interface  for  Programmable 
Instrumentation 


ANSI/IEEE 
STD  488 

3.0  REQUIREMENTS 
3.1  Item  Definition 


'riu*  computers,  control  software,  and  data  management  software  provide:  process  control; 
data  acquisition,  storage,  and  processing;  and  data  management  tasks  associated  with  the 
performance  of  automated  nondestructive  evaluation  (NDE)  of  aircraft  engine  components  as 
well  as  the  reporting  of  test  results.  The  system  is  composed  of  a  master  parts  records  system, 
several  inspection  master  control  systems,  and  multiple  inspection  systems.  The  system  in 
total  provides: 

(1)  A  control  scheme  for  automated  parts  manipulation  for  inspection, 

(2)  Process  control  of  the  inspection  system  in  performance  of  the  examina¬ 
tion, 

Cl)  Automated  parts  identification  and  location, 

(4)  NDE  data  acquisition  and  storage, 

Cr>)  Data  processing/comparison  and  reporting, 

(6)  Part  status  inquiry/reporting,  and 

(7)  Storage/retrieval  of  historical  parts  data  that  are  resident  in  the  overhaul 
facility. 


The  master  parts  records  system,  although  not  part  of  the  RPC  system,  is  required  to 
provide  input,  storage,  retrieval,  update,  and  generalized  reporting  capability  for  all  informa¬ 
tion  required  of  the  data  base.  An  inspection  master  control  system  for  each  inspection  facility 
is  connected  to  the  master  parts  records  system.  The  inspection  master  is  responsible  for 
coordination  and  control  of  all  inspection  activities  at  the  facility.  As  such,  it  interfaces 
between  the  inspection  systems  and  the  master  parts  records  sytem.  It  will  report,  on  request, 
the  status  of  inspection  activities  that  it  controls.  The  inspection  system  performs  the  actual 
process  control,  data  acquisition,  processing,  and  reporting  functions.  Throughout  the  system, 
common  processors  will  he  used  to  provide  redundancy,  compatibility,  replacement,  and 
flexibility  so  as  to  minimize  spare  parts  sources  and  interface  complications. 


.  S  ',  - .  z.  .  . 


3.1.1  Item  Diagrams 


The  computer  systems  and  associated  hardware  will  be  organized  as  shown  in  Figure  K-l. 
The  arrangement  is  necessary  in  order  to  meet  the  independent  layer  of  software  for  control 
and  data  management  exists.  Figure  E-2  shows  the  master  parts  records  system  to  which  the 
HFt’  systems  interface.  Inputs  to  this  system  come  from  the  inspection  master  system  as  well 
as  authorized  independent  users.  Figure  E-2  shows  the  inspection  master  control  system.  It, 
too,  provides  terminal  access  for  authorized  users  to  request  parts  status  at  the  facility.  The 
inspection  station  computer  system  configuration  is  illustrated  in  Figure  E-4.  This  system 
interfaces  to  the  test  hardware  as  well  as  the  inspection  master  control  system. 


FD  227301 


Figure  K-l.  RFC  Computer  System  Configuration 
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Figure  E-4.  Inspection  Station  Computer  System 


3. 1.2  Interface  Definition 

3. 1.2. 1  Interlace  among  the  master  parts  records  system,  the  inspection  master  system,  and 
the  inspection  station  computer  systems  will  be  conventional  vendor-supplied  equipment  and 
software.  Communications  protocol  will  he  supported  in  hardware  to  relieve  processor 
overhead.  Commonality  of  processors  would  simplify  the  computer-to-computer  interface  task 
and  reduce  software  costs  to  ensure  total  system  integrity. 

3. 1.2.2  Interface  among  the  inspection  station  computer  system,  the  NDK  test  equipment 
part  identification  reader,  and  the  mechanical  positioner/manipulator  will  conform  to  the 
IKKK  488A/1978  specification. 

3. 1.3  Major  Component  List 

The  Retirement  for  Cause  Inspection  System  is  composed  of  a  master  parts  records 
system,  an  inspection  master  control  system  for  each  inspection  facility,  and  multiple  inspec¬ 
tion  station  computer  systems.  These  are  discussed  in  further  in  Paragraph  T4.  The  inspection 
master  system  interfaces  to  a  master  parts  data  base  system  which  is  assumed  to  exist. 

3. 1.4  Government  Furnished  Property  List 

Interface  between  the  RFC  system  and  existing  or  planned  AK  parts  tracking  or  engine 
management  systems  is  a  necessary  activity.  The  systems  which  can  provide  information  or 
derive  benefit  are  the  Comprehensive  Kngine  Management  System  (CKMS)  and  the  Main 
tenance  .lob  Tracking  System  (M.IT).  Specification  of  protocol  cannot  he  made,  as  the  details 
of  either  of  these  systems  are  not  finalized.  Neither  of  these  systems  has  explicitly  factored 


RFC  into  their  design.  Information  transfer  between  these  systems  is  not  considered  large  and 
may  be  accomplished  by  a  variety  of  mechanisms.  As  a  minimum,  conventional  remote  job 
entry  (RJE)  protocol  can  be  implemented  in  a  convenient  manner. 

The  inspection  master  system  need  not  interface  to  existing  Air  Force  Air  Logistics 
Center  (ALC)  parts  tracking/inventory  systems,  as  these  systems  do  not  require  any  input 
other  than  arrival  and  departure  from  the  inspection  activity. 


3.2  Characteristics 
3.2. 1  Performance 

(1)  Master  parts  data  storage  will  allow  for  all  data  for  21  engine  components 
for  5000  engines. 

(2)  Communications  among  computers  will  have  protocol  supported  in  hard¬ 
ware,  full  duplex  operation,  transmission  speeds  56K  bytes/second,  and 
error  dates  less  than  1  in  1  ()'. 

Cl)  Communications  among  user  consoles  and  computers  will  be  R5-232-C, 
ANSI  X  0.64- 1977,  full  duplex,  incorporate  parity  (single  bit/byte),  and 
operate  at  9600  baud. 

(4)  Communications  among  inspection  station  computer  systems  and  special 
purpose  hardware  will  be  IEEE  488A/1978  and  operate  at  a  minimum  of 
30K  bytes/second. 

(5)  The  inspection  master  control  system  must  be  capable  of  supporting 
inspection  activities  associated  with  2100  parts  per  month  inspection  rate. 


3.2.2  Physical  Characteristics 

(1)  No  special  weight  considerations  are  applicable  to  the  computer  equip¬ 
ment  supplied.  Conventional  manufacturing  concepts  will  apply. 

(2)  The  inspection  station  computer  systems  will  be  configured  in  standard 
19-inch  rack  mount  cabinets,  with  maintenance  access  as  provded  by 
these  cabinets  from  front  slide  mounts  and  rear  door  panels. 

(3)  The  inspection  master  control  system  will  be  housed  in  a  special  room 
configured  for  it.  It  will  have  a  raised  computer  floor  and  front  and  rear 
accessibility  for  maintenance  of  standard  computer  configurations. 

(4)  The  master  parts  records  system  and  the  inspection  master  control 
system  will  be  permanent  installations  with  no  requirements  for  transport 
or  storage.  The  inspection  station  computer  system  racks  will  be  mounted 
on  casters  for  convenience  of  movement  within  the  inspection  facility. 
Items  that  are  subject  to  damage  by  movement  will  have  appropriate 
locking  mechanisms  and  tiedowns. 


(5)  Inspection  station  computer  systems  will  be  built  for  conventional  in¬ 
dustrial  use.  This  requires  some  attention  to  packaging  details,  but  not 
extraordinary  packaging  restrictions. 

(6)  The  equipment  will  incorporate  the  safety  features  necessary  to  safeguard 
personnel  during  installation,  operation,  maintenance,  repair,  and  in¬ 
terchanging  of  components. 

3.2.3  Reliability 

To  achieve  reliable  operation,  all  computer  systems  will  have  equivalent  backup  units, 
which  can  be  readily  exercised  to  ensure  continued  performance.  Interchangeability  with  other 
computers  in  the  system  (resulting  in  graceful  degradation  of  the  whole  system)  is  an 
acceptable  short-term  condition. 

3.2.4  Maintainability 

Kquipment  will  have  self-test  diagnostics  to  ensure  proper  operation  and  assist  in 
maintenance  activities.  This  includes  all  computers,  subsystems,  and  computer  interfaces.  The 
maximum  downtime  for  any  part  of  the  system  (assuming  operation  under  backup)  will  be  1 1  -j 
days.  Onsite  maintenance  contract  must  be  available. 

3.2.5  Environmental  Conditions 

The  environmental  conditions  will  be  restricted  to  temperature,  humidity,  and  dust 
conditions.  The  master  parts  records  system  and  the  inspection  master  control  system  will 
have  permanent  dedicated  facilities  to  control  environmental  conditions  as  required  for  proper 
computer  operation.  The  inspection  station  computer  systems  will  operate  in  a  normal  shop 
environment.  Where  this  condition  cannot  be  met,  a  small  portable  enclosure  will  be  provided 
to  maintain  required  operating  conditions.  The  enclosure  must  provide  access  for  maintenance 
and  system  configuration  and  interconnection. 

3.2.6  Transportability 

Computer  equipment  will  be  transportable  according  to  conventional  means  currently 
employed  by  the  manufacturer.  Protective  shipping  containers  and  commercial  carriers  will  be 
adequate. 

3.3  Design  and  Construction 

Standard  manufacturing  procedures  will  apply  to  the  construction  of  the  computer 
equipment.  All  interconnection  cables  will  be  connected  with  plug  type  connectors  to  minimize 
fretting  and  provide  strain  relief.  Card  edge  connectors  are  not  acceptable  as  an  electrical 
connection  unless  it  can  be  shown  that  the  card  and  its  interface  will  provide  their  own  rigid 
support  and  locking  system  and  will  not  require  mechanical  support  for  the  frame,  enclosure, 
or  adjacent  cards  or  modules. 

3.3. 1  Materials,  Processes,  and  Parts 

All  materials,  processes,  and  parts  will  be  applicable  to  good  commercial  practice  as 
required  to  meet  the  specific  performance  described  in  this  document. 

3.3.2  Electromagnetic  Radiation 

No  specific  requirements  exist  which  differ  from  standard  commercial  practice. 


3.3.3  Identification  and  Marking 


No  special  requirements  exist  above  those  of  good  commercial  practice. 

3.3.4  Workmanship 

No  special  requirements  exist  above  those  of  good  commercial  practice. 

3.3.5  Interchangeability 

Major  components  of  the  system  will  be  interchangeable  at  the  board  level.  In¬ 
terchangeability  is  required  between  all  similar  systems  and  their  backup  or  replacement  units, 
i.e..  inspection  station  computer  systems  have  interchangeable  boards  as  do  the  inspection 
master  control  systems  and  its  backup. 

3.3.6  Safety 

The  equipment  will  incorporate  the  safety  features  necessary  to  safeguard  personnel 
during  installation,  operation,  maintenance,  repair,  and  interchanging  of  components. 

3.3.7  Human  Performance/Human  Engineering 

No  specific  requirements  exist  that  differ  from  standard  commercial  practice  in  computer 
hardware.  Efforts  should  be  made  to  human  engineer  the  software,  particularly  on  the 
inspection  station  computer  system  where  interaction  occurs  with  noncomputer-oriented 
personnel.  Interaction  will  be  clear  and  explicit.  The  initial  level  of  self-diagnostics  should  be 
clear  enough  to  permit  operator  corrective  action  wherever  possible. 

3.3.8  Standards  of  Manufacturer 

Standards  of  good  commercial  practice  will  apply  in  the  development  of  the  computer 
hardware  and  software. 

3.4  Major  Component  Characteristics 

3.4. 1  Master  Parts  Records  System 

The  master  parts  records  system  provides  complete  data  base  operation  for  the  entire 
system.  Complete  parts  history  is  stored,  retrieved,  and  updated  on  request.  The  system  must 
provide  storage  capacity  for  21  component  parts  of  50(10  engines.  This  includes  part 
nomenclature;  initial  inspection  requirements;  upgrades,  changes,  and  exceptions  to  require¬ 
ments;  reports  on  physical  condition  of  the  part  (dimensions);  part  repair  history;  part 
inspection  history;  and  operational  history  as  required  to  establish  examination  criteria.  This 
system  must  process  requests  for  parts  history  from  the  inspection  master  control  systems 
within  one  day  of  receipt  of  request.  It  must  also  update  the  part  history  with  relevant 
inspection  data  provided  by  the  inspection  systems.  The  data  base  system  must  provide 
generalized  reporting  capability  to  authorized  users  who  would  request  special  reports  from  the 
data  base  to  confirm  life  cycle  predictions  and  to  analyze  the  volume  of  information  available 
in  the  system  to  provide  improved  service  in  parts  examination  and  reliability. 

The  master  parts  records  system  must  provide  archival  storage  of  raw  test  data  as 
required  of  the  inspection  station.  It  may  be  necessary  to  archive  on  tape  the  raw  data 
acquired  on  examination  of  certain  components.  In  this  case  the  raw  data  will  be  passed  from 
the  bottom  level  up  for  archival  storage.  It  must  also  store  in  some  macro  form  the 
examination  (scan)  plans  developed  for  the  inspection  of  each  part.  It  must  be  capable  of 


downloading  these  scan  plans  to  the  inspection  station  systems  through  the  inspection  master 
for  translation  into  actual  test  control  sequences.  The  master  parts  records  system  must 
contain  all  examination  requirements  for  all  parts  in  a  form  that  is  translatable  into  automated 
inspection  activities.  Updates  to  the  data  base  in  terms  of  test  data  reports,  examination 
procedure  modification  or  generation,  and  changes  to  examination  criteria  must  be  handled  in 
a  routine  fashion. 

Since  the  master  parts  records  system  is  not  provided  by  the  RFC  system,  it  is  necessary 
to  properly  define  the  expected  functions  provided  by  this  system  for  the  inspection  master 
system.  Generally,  the  software  activities  are  shown  in  block  form  in  Figure  E-5.  Essentially, 
there  are  five  tasks  to  be  performed:  (1)  a  manual  records  update  function,  (2)  an  inspection 
master  monitor  function,  (3)  a  data  base  management  function,  (4)  a  raw  data  archival 
function,  and  (5)  a  special  reports  function. 

The  manual  records  update  function  is  to  enable  proper  handling  of  all  inspection 
requirements  —  additions,  changes,  as  well  as  deletions.  This  function  must  accommodate  all 
manual  data  entries  to  the  central  data  base  from  a  variety  of  originating  locations.  The 
system  must  confirm  the  user's  capabilities  to  perform  requested  actions  by  the  system. 

The  inspection  master  monitor  function  provides  the  coordination  of  all  requests  and 
responses  between  the  master  parts  records  system  and  each  inspection  master  system.  This 
goes  a  step  beyond  simple  bookkeeping  on  who  requested  what  and  ensuring  he  receives  it  — 
it  requires  anticipation  of  minimal  reporting  based  on  information  sent.  If  an  inspection 
master  system  requests  parts  history  on  a  specific  part,  a  report  of  the  part’s  inspection  status 
should  be  expected  within  a  reasonable  period  of  time. 

The  data  base  management  function  provides  the  obvious  transaction  activities  of 
additions,  updates,  retrieval  as  well  as  backup  and  recovery  functions  required  for  proper 
operation  and  system  integrity.  Vendor-supplied  software  for  the  details  of  data  base  manage¬ 
ment  must  inherently  handle  the  backup  and  recovery  functions  required  for  proper  operation 
—  this  is  not  an  applications  program  task.  Data  base  recovery  mechanisms  must  be 
demonstrated  as  an  existing  feature  of  the  system. 

The  raw  data  archival  function  provides  the  capability  to  store  specific  raw  data  obtained 
from  examinations  of  selected  components.  On-line  retrieval  of  this  data  is  not  essential,  rather 
computer  access  at  a  future  date  is  desired.  This  data  will  be  stored  on  tape  with  appropriate 
on-line  indexing  capability  to  assist  in  retrieval.  This  data  may  be  compared  with  additional 
information  to  assess  the  overall  performance  of  the  RFC  system.  This  type  of  feedback  will 
permit  optimization  of  the  system  over  time,  thereby  maximizing  benefits  derived. 

The  special  reports  function  permits  authorized  users  to  extract  system  data  to  be  used 
as  a  basis  for  further  decision  making.  Since  the  nature  and  content  of  the  reports  is 
anticipated  to  vary  considerably,  the  system  must  provide  a  generalized  report  generator 
package  which  interfaces  with  the  data  base.  Efficiency  of  reports  generation  is  second  to 
flexibility  and  ease  of  use. 
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3.4.2  Inspection  Master  Control  System 


The  inspection  master  control  system  will  provide  overall  control  and  coordination  of 
inspection  activities  at  the  inspection  facility.  This  system  will  obtain  parts  history  data 
required  by  the  inspection  stations,  and  report  their  results  to  the  master  parts  records  system. 
It  will  provide  local  storage  of  data  and  results  for  parts  currently  in  the  inspection  cycle.  The 
system  will  route  detailed  examination  information  to  each  inspection  station  as  required.  It 
must  be  capable  of  processing  2100  parts  per  month  and  support  operation  in  an  independent 
mode  for  a  maximum  of  .'1  days  (separation  from  the  master  parts  records  system).  In  addition, 
it  must  be  capable  of  servicing  requests  from  authorized  users  pertaining  to  parts  status, 
location,  test  results  and  general  operational  activity.  Individual  parts  will  be  identified 
through  automated  part  identification  readers,  and  the  identity  and  location  of  the  part  will  be 
retained  and  updated  by  the  inspection  master  control  system.  These  readers  are  spread 
throughout  the  inspection  facility  at  designated  locations.  Users  can  examine  parts  status 
through  terminal  requests. 

Because  it  provides  local  control  and  coordination,  the  system  must  support  some  data 
base  capability  to  permit  orderly  access  and  storage  of  data.  A  generalized  reporting  capability 
must  exist  to  support  special  user  status  and  data  requests.  The  system  must  contain  at  least 
I  megabyte  of  main  memory  and  .‘184  megabytes  of  secondary  (disk)  storage.  The  system  will 
have  at  least  2  phase  encoded  9-track  tape  drives  capable  of  recording  at  either  6250  bpi  or 
16(H)  bpi.  A  high-speed  line  printer  is  an  essential  requirement  for  special  reports  generation. 
The  system  will  have  complete  processor,  memory,  and  disk  redundancy.  Software  will  enable 
automatic  operation  of  the  backup  unit  on  failure  of  the  master. 

The  general  function  of  the  software  required  for  the  inspection  master  system  is  shown 
in  Figure  E-6.  Essentially,  there  are  six  primary  functions:  (1)  inspection  station  monitor,  (2) 
master  parts  data  base  monitor,  (3)  location/status  monitor,  (4)  global  data  storage/retrieval, 
(5)  local  data  storage/retrieval,  and  (6)  special  reports. 

The  inspection  station  monitor  function  provides  the  coordination  and  control  of  ac¬ 
tivities  between  the  inspection  master  and  all  inspection  stations.  This  task  ensures  that 
needed  information  gets  to  its  destination  (both  directions)  as  well  as  requiring  necessary 
followup  or  reporting  where  required.  This  task  should  ensure  the  functional  operability  of  all 
computers  in  the  system  (intelligible  communications  are  both  transmitted  and  received). 

The  master  parts  data  base  monitor  essentially  performs  the  same  function  as  the 
inspection  station  monitor;  however,  the  communications  are  between  the  inspection  master 
and  the  master  parts  data  base  system.  Ensuring  accurate,  complete,  and  timely  communica¬ 
tion  at  this  level  is  essential  to  total  system  performance.  This  task  must  ensure  that  pending 
requests  are  in  fact  being  handled  and  are  not  misplaced  by  either  system. 

The  location/status  monitor  provides  the  general  parts  accountability  function  for  the 
inspection  master.  This  task  must  handle  all  part  identification  numbers  not  directly  as¬ 
sociated  with  an  inspection  station.  The  requirement  is  to  know  the  locat  ion  of  a  part  as  long 
as  it  is  in  the  inspection  system,  as  well  as  the  inspection  requirements  and  status  of 
inspections  on  a  part.  This  must  include  the  associated  work  areas  which  may  be  involved, 
such  as  repair,  dimensional  checking,  cleaning,  finishing,  etc.  To  accomplish  this  task,  it  is 
necessary  to  input  or  receive  the  inputs  required  as  well  as  report  on  the  status  of  activities 
that  are  required  to  be  performed,  knowledge  of  what  is  required,  and  the  associated  results. 


The  global  storage/retrieval  function  permits  efficient  handling  of  information  from/to 
the  master  parts  records  system.  The  information  received  from  the  master  parts  records 
system  must  be  efficiently  used  by  the  inspection  master  system.  Similarly,  global  data 
acquired  by  the  inspection  master  must  be  relayed  to  the  master  parts  records  system  for 
update.  As  long  as  a  part  remains  in  the  control  of  the  inspection  master,  this  global  data  must 
be  available.  On  release  of  the  part,  only  global  update  information  need  be  relayed  to  the 
master  parts  records  system.  Essentially  this  consists  of  a  summary  of  the  results  of  the 
inspections  and  selected  raw  data  (in  certain  cases).  Occasionally,  special  scan  plans  developed 
for  new  examination  techniques  may  be  required  to  be  transmitted  to  the  master  parts  data 
base  for  subsequent  retrieval  and  use  on  a  general  basis. 

The  local  data  storage/retrieval  function  permits  efficient  and  controlled  use  of  that  data 
generated  by  the  inspection  master  or  any  of  of  its  inspection  stations  or  related  activities 
which  are  not  required  by  the  master  parts  records  system,  but  are  required  throughout  the 
inspection  master’s  activities.  This  information  would  be  production  or  performance  related 
data  which  would  only  be  of  use  at  this  level  in  the  system  to  assist  in  maintenance 
management  functions.  Other  information  that  is  a  required  operational  function  between  the 
inspection  master  and  the  inspection  station  fits  this  description,  such  as  detailed  diagnostics, 
test  sequences,  calibration  sequences  as  well  as  operating  software  common  to  the  processors. 
The  inspection  master  data  base  software  must  provide  backup  and  recovery  mechanisms  to 
protect  both  the  global  and  local  data  bases  it  uses. 

The  special  reports  function  permits  access  to  the  global  and  local  data  of  the  inspection 
master  in  a  flexible  and  easy  to  use  manner.  This  is  most  easily  obtained  through  a  generalized 
report  writer  interfaced  to  the  data  base  software. 

3.4.3  Inspection  Station  Computer  System 

The  inspection  station  computer  system  will  perform  the  actual  process  control,  data 
acquisition  and  storage,  data  processing/comparison,  and  test  reporting  functions.  This  system 
will  request  detailed  examination  information  on  specific  parts  (by  identification  number) 
from  the  inspection  master  control  system.  On  receipt  of  this  information,  it  will  perform  the 
required  examination  by  guiding  the  mechanical  positioner/manipulator  through  a  detailed  set 
of  motions,  by  controlling  the  settings  and  adjustments  of  the  NOE  test  equipment,  by 
acquiring  and  storing  test  data,  and  by  processing  the  data  against  defined  criteria  (thresholds, 
data  comparisons,  etc.). 

In  addition,  this  system  will  provide  the  capability  for  scan  plan  development  bv 
permitting  interactive  control  of  the  mechanical  positioner/manipulator  through  a  “follow-me" 
sequence  controlled  by  the  operator  and  monitored  by  the  computer.  The  resultant  scan  plan 
will  be  stored  for  refinement  into  the  desired  test  sequence.  As  an  alternate  means,  the  system 
will  enable  scan  plan  development  through  specification  of  a  series  of  well-defined  macro 
commands  used  to  control  the  mechanical  device.  The  inspection  station  computer  system  will 
also  provide  operator  interaction  throughout  the  automated  examination  sequence,  and 
produce  a  hardcopy  report  of  test  results  (simultaneous  with  transmission  of  these  results  to 
the  inspection  master  control  system). 

The  inspection  station  computer  system  is  the  lowest  level  computer  in  (he  network.  It 
will  contain  128K  bytes  of  primary  memory,  10  megabytes  of  secondary  memory  (disk)  if 
required  for  the  examination,  and  a  9-track  phase  encoded  tape  drive  (1000  bpi)  for  storage  of 
waveform  data  as  required.  In  addition,  the  system  will  have  a  real-time  clock;  power  fail/auto 
restart,  hardware  (firmware)  floating  point  ami  multiply/divide,  and  interleaved  memory,  and 
preferably  contain  some  features  that  will  enhance  throughput  in  signal  processing  applica¬ 
tions.  The  system  must  be  programmable  in  a  high  level  language  (compatible  with  the 


inspection  master  control  system)  mid  contain  system  generation  capability.  It  most  be  capable 
of  multitasking  operations  to  include:  (I)  interaction  will)  I  be  inspection  master.  (2)  control  of 
the  manipulator  and  NUK  equipment,  and  (.'$)  acquisition,  storage,  and  processing  of  data. 
Performance  and  interface  specifications  will  have  been  previously  defined. 

The  functional  requirements  of  the  inspection  station  software  are  shown  in  Figure  E-7. 
There  are  six  general  tasks  which  need  to  be  accomplished:  (1)  diagnostic,  (2)  inspection 
master  monitor,  (.'))  process  control,  (4)  data  acquisition/storage,  (.r>)  processing  and  reporting, 
and  (ti)  scan  plan  development. 

The  diagnostic  software  is  an  additional  feature  above  and  beyond  the  stand  self-test 
diagnostics.  This  software  must  assist  in  troubleshooting  inspection  station  system  problems. 
It  is  targeted  for  the  middle  ground  not  covered  by  the  self-test  diagnostics  of  each  of  the 
component  parts  of  the  system. 

The  inspection  master  monitor  coordinates  all  activities  between  the  inspection  station 
and  the  inspection  master  at  the  inspection  station  level.  Its  purpose  is  to  ensure  accurate, 
complete,  and  timely  exchange  of  information.  It  insists  on  followup  to  pending  requests  and. 
where  possible,  permits  queueing  of  activities  between  the  systems. 

The  process  control  task  ensures  the  proper  execution  of  inspection  sequences  -  scan 
plans,  instrument  settings,  minimum  signal  levels,  etc.  It  is  responsible  for  monitoring  and 
adjusting  test  sequences  (where  allowed)  to  permit  efficient  and  accurate  inspections  to  occur. 

The  data  acquisition/storage  task  is  responsible  for  obtaining  and  storing  test  data  in  a 
highly  efficient  manner  to  permit  maximum  system  throughput.  This  requires  proper  balance 
between  efficiencies  in  data  recording  versus  data  retrieval  for  processing.  If  reorganization  of 
data  is  required,  this  task  accomplishes  that  function  as  well  in  a  time  frame  consistent  with 
inspection  requirements. 

The  processing  and  reporting  function  is  self  explanatory.  In  particular,  appropriate 
algorithms  are  used  to  determine  the  results  of  an  inspection.  If  comparison  with  other  data 
are  required,  this  task  is  handled.  Efficiency  is  of  extreme  concern  in  this  task  since  it  directly 
imparts  system  throughput  more  than  any  other  task.  Once  the  processing  is  done,  the  results 
are  reported  to  the  inspection  operator  as  well  as  to  the  inspection  master  system.  Selection 
and  reporting  of  appropriate  raw  data  is  done  at  this  point.  The  raw  data  are  transmitted 
through  the  inspection  master  to  the  master  parts  records  system  for  archival  storage. 

The  scan  plan  development  task  enables  simplified  development  of  inspection  move 
ments  so  that  new  or  improved  techniques  are  easily  moved  from  the  development  phase  to 
actual  shop  use.  The  intention  is  to  permit  interactive  scan  plan  development  by  a  skilled 
NDE  practitioner  rather  than  directed  implementation  through  a  computer  specialist 
recognizing  that  inspection  techniques  and  requirements  will  change  in  time.  As  stated 
previously,  the  "follow-me”  technique  as  well  as  development  of  scans  through  well-defined 
macro  commands  are  two  of  the  most  reasonable  means  of  meeting  this  need. 

4.0  QUALITY  ASSURANCE  PROVISIONS 

The  responsibility  for  performing  all  specified  test/verifications  rests  with  the  supplier. 
The  customer  reserves  the  right  to  witness  or  separately  perform  all  tests  specified  or 
otherwise  inspect  any  or  all  tests  or  inspections. 


RETIREMENT  FOR  CAUSE  INSPECTION  SYSTEM  DESIGN 


APPENDIX  F 

SCANNING  EQUIPMENT  SPECIFICATION 


Prepared  by: 

J.  E.  Doherty 
A.  S.  Greer 

Southwest  Research  Institute 
Quality  Assurance  Systems  and  Engineering  Division 


GOVERNMENT  PRODUCTS  DIVISION 

P  C  Box  2691  l  \.' 

West  Palm  Beoch,  Florida  33402 


TABLE  OF  CONTENTS 


1.0  SCOPE . 

2.0  APPLICABLE  DOCUMENTS . 

2.1  Oovernment  Documents . 

2.1.1  Specifications . 

2.1.2  Standards . 

2.1.3  Other  Publications . . 

2.2  Nongovernment  Documents . 

3.0  REQUIREMENTS . 

3.1  (ieneral  Requirements . 

3.2  Safety . 

3.3  Equipment  Description . 

3.4  Detailed  Equipment  Specifications . 

3.4.1  Equipment  (Ieneral  Description . 

3.4.2  Mechanical  Scanners . 

3.4.3  Motor  Controllers/Drives . 

3.4.4  Motors . 

3.4.5  Encoders . 

3.4.0  Mechanical  System  Control . 

3.4.7  Manual  Control  Pad . 

3.4.8  Enclosure . 

3.4.9  Identification  Plates . 

3.5  Parts,  Materials,  Processes . 

3.0  Finish  Color . 

3.7  Design  and  Const  ruction . 

3.7.1  Design . 

3.7.2  Construction . 

3.8  Marking  and  Identification . 

3.9  Environmental  Requirements . 

3.9.1  Electromagnetic  Interference . 

3.10  Maintainability . 

3.10.1  Diagnosing  Cause  of  Failures . 


3.1 1  Interchangeability. 

3.12  Documentation . 


3.12.1  Metric  English  Equivalent 

3.12.2  (Glossary . 


TABLE  OF  CONTENTS  (Continued) 


•ft  inn 


0  QUALITY  ASSURANCE  PROVISIONS . 

4.1  Responsibility  for  Inspection  and  Tests . 

4.2  Quality  Program . . 

4.2.1  Inspection  System . 

4.2.2  Initial  Quality  Planning . 

4.2.2  Design,  Drawing,  and  Configuration  Controls 

4.2  Tolerances . 

4.4  Inspection  and  Test  Requirements . 

4.4.1  'lest  Conditions . 

4.5  'Test  Procedure  Plan . 

4.6  Test  Report . 


PREPARATION  FOR  DELIVERY 


5.1  General.... 

5.2  Packaging 


Si 

% 

'  ..  ■  ! 

y[y. 

t  •’*  e* , 
v  •  '  » 
\w\v 

m 

I‘UU‘ • 

4  • .  * 

166 

166 

167 

Wz 

167 

167 

\V_‘~ 

167 

*. \  ■  /. 

167 

BT 

167 

167 

166 

i-  *  v  *  1 

168 

'em 

168 

m 

168 

v| 

168 

ml 

0 


FI 00  PARTS  SELECTED  FOR  RETIREMENT-FOR  CAUSE  ANALYSIS 


LIST  OF  ILLUSTRATIONS 


h'murr  Page 

F-l  Composite  Sketch  of  Typical  Flaw  Locations  That  Must  Be  Inspected.  Not 
All  Features  Are  Found  on  All  Parts.  All  Flaws  Are  Detected  Using 
Eddy  Current  Inspection  Including  Internal  Flaws  if  Near  the 
Surface.  Only  Internal  Flaws  Are  Detectable  Using  Ultrasonic  In¬ 
spection .  1 50 

F-2  Scanning  System  Schematic  Diagram.  The  Control  System  Elements  Are 

Interchangeable  Between  Ultrasonic  and  Eddy  Current  Inspection 
Modules .  152 

F-9A  Scanning  Procedures  and  Time  for  Disk  Bore . .  154 

F-9B  Scanning  Procedures  and  Time  for  Web .  155 

F-4  Schematic  Embodiment  of  Ultrasonic  Scanning  Motions.  The  Exact  Com¬ 

bination  Motions  Shown  Are  Not  Required.  Only  Resultant  of 
These  Motions  Is  Required.  Other  Combinations  May  Be  Ap¬ 
propriate .  1 56 

F-5A  Scanning  Procedures  and  Time  for  Scallops .  158 

F-5B  Scanning  Procedures  and  Time  for  Knife-Edge  Seals .  158 

F-5C  Scanning  Procedures  and  Time  for  Oil  Drain  Slots .  158 

F-5I)  Scanning  Procedures  and  Time  for  Rim  Slots .  159 

F-5E  Scanning  Procedures  and  Time  for  Antirotation  Windows .  159 

F-5F  Scanning  Procedures  and  Time  for  Boltholes .  160 

F-0  Schematic  of  Surfaces  Which  Require  Eddy  Current  Inspection.  Arrows 

Indicate  Side  of  Surface  of  Interest.  All  Ultrasonic  Entry  Surfaces 
Also  Require  Eddy  Current  Scanning .  160 

F  T  Schematic  Embodiment  of  Eddy  Current  Scanning  Motions.  The  Exact 

Combinations  Shown  Are  Not  Required.  Only  Their  Resultant  Is 
Required.  Other  Combinations  May  Be  Appropriate  in  Meeting 
Specifications.  All  Motions  Are  Not  Necessary  To  Inspect  All 
Locations  and  Therefore  Need  Not  Be  Available  at  All  Times .  162 

F-8  lst-Stage  Fan  Disk  (P/N  4046741) .  169 

F-9  2nd-Stage  Fan  Disk  (P/N  4048902) .  170 

F-IO  2rd-Stage  Fan  Disk  (P/N  4048902) .  171 

F-l  I  4th-Stage  Compressor  Disk  (P/N  4090604) .  172 

146 


LIST  OF  ILLUSTRATIONS  (Continued) 


7th-Stage  Compressor  Disk  (P/N  4041337) . 

8th-Stage  Compressor  Disk  (P/N  4040108) . 

12th-Stage  Compressor  Disk  (P/N  4022612) . 

lst-Stage  Turbine  Disk  (P/N  4043321) . 

2nd-Stage  Turbine  Disk  (P/N  4042922) . 

3rd-Stage  Turbine  Disk  (P/N  4041794) . 

4th-Stage  Turbine  Disk  (P/N  4061857) . 

2-3  Compressor  Spacer  (P/N  4049087) . 

6- 7  Compressor  Spacer  (P/N  4039846) . 

7- 8  Compressor  Spacer . 

8- 9  Compressor  Spacer  (P/N  4050978) . 

9- 10  Compressor  Spacer  (P/N  4050979) . 

10- 11  High  Pressure  Compressor  Spacer  (P/N  4043279) . 

11- 12  High  Pressure  Compressor  Spacer  (P/N  4043280) . 

12- 13  High  Pressure  Compressor  Spacer  (P/N  4041591) . 

High  Pressure  Turbine  1-2  Spacer  (P/N  4042715) . 

High  Pressure  Turbine  Tangential  on  Board  Injector  Outside  Diameter  Seal 
(P/N  4036812) . 


APPENDIX  F 


SCANNING  EQUIPMENT  SPECIFICATIONS 

1.0  SCOPE 

This  specification  contains  the  minimum  technical  and  performance  requirements  of 
durable  scanning  equipment  to  be  used  in  the  inspection  of  gas  turbine  engine  components, 
including  seals,  disks  and  spacers.  This  scanning  equipment  will  be  part  of  inspection  modules 
which  will  also  include  nondestructive  evaluation  (NDE)  instrumentation  and  a  control 
computer.  Two  types  of  modules  are  contemplated:  eddy  current  and  ultrasonic,  each  with  its 
own  set  of  motion  requirements;  therefore,  two  different  types  of  scanning  systems  are 
anticipated.  The  equipment  shall  be  suitable  for  use  in  United  States  Air  Force  Depot  engine 
maintenance  centers  and  in  production  shops  of  engine  manufacturers  and  their  suppliers.  The 
equipment  shall  include  mechanical  equipment,  motor  controllers,  interconnecting  cables, 
control  microprocessor,  and  maintenance  manuals,  drawings,  and  other  necessary  equipment 
specified  within  this  document. 

2.0  APPLICABLE  DOCUMENTS 

The  following  documents  form  a  part  of  this  specification  unless  restricted  elsewhere  in 
this  specification. 

2.1.  Government  Documents 

2.1.1  Specifications 

MIL-T-28800B  Test  Equipment  for  Use  with  Electrical  and  Elec¬ 

tronic  Equipment  —  General  Specification 

MIL-I-45208  Inspection  System  Requirements 

MIL-M-:i8784  Manuals  Technical  —  General  Style  and  Format 

Requirements 

M II ,-T- 1 81108  Test  Procedures,  Reproduction,  Acceptance  and  Life 

for  Aircraft  Electronic  Equipment  -  Format 

2. 1.2  Standards 

MIL-STD-810  Environmental  Test  Methods 

MIL-STD-8.11  Test  Reports  —  Preparation 

MIL-STD-109  Quality  Assurance  'Perms  and  Definitions 

2.1.3  Other  Publications 

DI-M-5120  Instruction  Manual  Minimum  Specification  Re¬ 

quirements 


2.2  Nongovernment  Documents 

ANSI  Y22.14  1972  Craphic  Symbols  lor  Logic  Diagrams 

ANSI/ASTM  E268-76  Standard  Definition  of  Terms  Related  to  Elec¬ 
tro-Magnetic  'l'esting 

EIA  STD  RS-310-C  Standard  for  Racks,  Panels,  and  Equipment 

UL  1410  Standard  for  Television  Receivers  and  Video  Prod¬ 

ucts 

IEEE  STD.  100  IEEE  Standard  Dictionary  of  Electrical  and  Electronic 

Terms 

ANSI/IEEE  STD.  488  IEEE  Standard  Digital  Interface  for  Programmable 

Instrumentation 

3.0  REQUIREMENTS 

3.1  General  Requirements 

The  equipment  will  be  designed  to  inspect  engine  components  using  Air  Force 
nondestructive  inspection  personnel  at  the  depot  level.  The  scanning  equipment  described  by 
this  specification  will  be  capable  of  performing  eddy  current  or  ultrasonic  inspections.  The  use 
of  mechanical  equipment  to  perform  each  of  these  different  types  of  inspections  should  be 
assumed.  Nevertheless,  the  scanning  system  controller  and  drive  mechanism  for  these  different 
scanning  machines  should  be  interchangeable.  Equipment  will  be  suitable  for  application  in 
the  maintenance  environment  with  typical  temperatures  can  be  encountered  ranging  from 
*>0°F  to  100°F.  The  nominal  operation  temperature  will  be  assumed  to  be  75°F.  Equipment 
will  be  durable  and  packaged  for  easy  maintenance  and  repair.  Equipment  will  be  designed 
such  that  it  can  operate  with  a  minimum  of  interaction  with  inspection  personnel  and  also 
have  the  capability  of  self-diagnosis  to  determine  if  it  is  operating  within  specifications. 

The  equipment  will  be  designed  and  manufactured  in  a  manner  that  will  result  in 
commercially  reproducible  equipment  when  procured  in  quantity.  In  addition,  the  equipment 
will  be  capable  of  precise  and  repeatable  calibration  from  unit  to  unit  and  have  a  high  degree 
of  examination  reproducibility. 

Section  6.0  gives  sketches  with  critical  dimensions  of  components  that  have  been  selected 
for  Retirement  for  Cause  inspection.  The  inspection  areas  are  summarized  in  Figure  F  1  which 
shows  sketches  of  typical  flaw  locations. 

3.2  Safety 

The  equipment  will  incorporate  the  safety  features  necessary  to  safeguard  personnel 
during  installation,  operation,  maintenance,  repair,  and  interchanging  of  components. 

With  the  exception  of  radiation  energy  measurement,  the  equipment  will  incorporate  the 
safety  features  per  MIL-T-28800B,  Pargraph  2.2. 
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Protection  will  be  provided  from  leakage  current  in  excess  of  1  ma  peak  ac  and  dc  from 
any  accessible  conductive  parts  of  the  equipment  (including  control  shafts  with  knobs  removed 
and  recessed  calibration  or  adjustment  controls)  for  any  position  of  the  power  switch(es)  in 
accordance  with  the  appliance  shock  hazard  test  of  UL  1410,  Sections  12  and  12.  All  accessible 
electrically  conductive  surfaces  of  the  equipment,  when  fully  assembled  and  operating,  will  be 
at  earth  ground  potential. 


3.3  Equipment  Description 

The  major  components  of  the  scanning  equipment  will  consist  of  the  following  items: 

(1)  Mechanical  scanner 

(2)  Motor  drivers 
(2)  Encoders 

(4)  Motor  controllers 

(5)  Scanning  system  control  microprocessor 
(ti)  Manual  control  pad 

(7)  Scanning  tank 

(8)  Interconnecting  cables 

(9)  Instruction  and  maintenance  manuals. 

3.4  Detailed  Equipment  Specifications 
3.4.1  Equipment  General  Description 

The  functional  block  diagram  of  the  mecahnical  scanning  equipment  is  shown  in  Figure 
F-2.  It  is  intended  that  the  only  difference  between  the  eddy  current  and  ultrasonic  system 
will  be  in  the  mechanical  motions.  All  control  equipment,  microprocessors,  stepper  motors,  and 
encoders  will  be  of  such  a  type  that  they  can  be  used  interchangeably  to  the  greatest  extent 
possible  among  ultrasonic  and  eddy  current  scanning  equipment.  Specifically,  equipment  will 
be  constructed  in  a  manner  that  facilitates  maintenance  and  permits  interchangeability  of 
components  while  affording  a  potential  means  of  replacing  modules,  cards,  or  subcomponents 
used  with  new  state-of-the-art  equipment.  All  electronic  connectors  will  be  either  of  the  BNC 
type  or  strip  connectors  to  the  extent  that  they  are  compatible  with  environmental  require¬ 
ments. 

Figure  F-2  shows  the  major  elements  of  the  scanning  system.  The  major  elements  shown 

are: 


Mechanics 

Implement  motions  which  actually  articulate  and  move 
inspection  probes 

Knc<  iders 

Indicate  the  position  of  mechanical  motions 

Motors 

Direct  motion  prime  movers 

Motor  driverAont rollers 

Drive  motions  between  locations  determined  bv  scan¬ 
ning  system  controller 

Microprocessor  controller 

Directs  and  coordinates  system  motion  from  stored 
information  or  external  command 

Manual  control  pad 

Directs  on-demand  movement  of  any  scanning  system 
mot  ion. 
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Manual 

Control 

Pad 


Sensing 


Figure  F-2.  Scan m rift  System  Schematic  Diagram.  The  Control  System  Ele¬ 
ments  Are  Interchangeable  Between  Ultrasonic  and  Eddy  Cur¬ 
rent  Inspection  Modules 

Tin-  scanning  system  implements  motions  which  are  elements  of  prepared  scan  sequences 
stored  in  the  controller  memory  or  on-direct  command  from  the  inspection  module  computer. 
It  is  anticipated  that  actual  scanning  will  require  a  combination  of  these  two  approaches 
because  it  is  not  possible  to  anticipate  fixturing  errors  and  natural  part  tolerance  variation  in 
a  prepared  scan  sequence.  An  adaptive  control  feature  in  the  module  computer  will  use 
externally  supplied  information  to  give  direct  commands  for  fine  tuning  movements  so  that  the 
required  probe- inspection  surface  distances  can  be  maintained.  The  probe-surface  spacing 
information  will  be  available  from  the  inspection  module  instrumentation. 

The  inspection  module  will  be  a  highly  automated  system  and  will  be  operated  by 
low-skill  operators.  Therefore,  the  scanning  system  must  have  a  self-diagnostic  capability  to 
indicate  to  signal  operators  and,  more  importantly,  the  supervising  computers  when  the 
equipment  is  malfunctioning.  In  addition,  automatic  means  of  reading  serial  numbers  and 
reference  points  must  be  included  in  the  mechanical  system  because  inspection  data  must  be 
recorded  bv  specific  part  location  and  serial  number. 

Typically,  the  areas  of  interest  on  the  disks  anti  seals  cannot  be  inspected  if  access  is 
provided  from  only  one  side.  For  this  reason,  provision  for  two-sided  access  must  be  made. 

Both  eddy  current  and  ultrasonic  inspection  probes  are  small,  light,  and  fragile  and  must 
he  electrically  connected  to  instrumentation  through  the  scanning  system.  Inspection  probes, 
especially  eddy  current  probes,  are  highly  specific  to  the  geometry  of  the  inspection  area,  e.g., 
eddy  current  hole  probes  have  diameters  0.005  to  0.1  inch  smaller  than  the  hole  they  inspect. 
Consequently,  several  probes  are  required  to  inspect  any  part.  Provision  must  be  made  to 
change  probes  or  scanning  heads.  It  may  he  advantageous  for  some  scanning  heads  to  have 
moving  elements  in  addition  to  probes  to  implement  some  of  the  scanning  requirements.  The 
manner  in  which  the  electrical  connection  is  made  between  the  probe  and  the  scanning  system 
is  of  concern  since  a  poor  connection  can  degrade  inspection  signals 


3.4. 1. 1  Internal  Diagnostics 

An  internal  diagnostic  capability  will  be  provided  to  assess  the  equipment  and  determine 
if  it  is  performing  as  specified  and  designed.  'Phis  diagnostic  capability  must  be  able  to  isolate 
a  problem  to  a  level  consistent  with  a  simple  substitution  maintenance  strategy.  The  internal 
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diagnostic  capability  will  be  activated  by  external  control  or  on  power  up  and  will  assess  the 
operation  of  at  least  80  percent  of  the  electronic  components  in  an  active  state.  A  system  will 
also  be  established  to  evaluate  the  performance  of  mechanical  motions. 


3.4. 1.2  Minimum  Accuracy 

The  accuracy  with  which  the  position  of  individual  motions  is  known  will  be  at  least 
*  0.001  inch  per  foot  for  linear  motions  and  +0.1  deg  for  rotations.  Some  motions  may  require 
greater  accuracy  and  control  precision  in  order  to  meet  other  specified  minimum  capabilities. 


3.4. 1.3  Minimum  Step  Size 

The  maximum  step  size  for  incrementally  driven  motions  shall  be  0.001  inch  for  linear 
motions  and  0.1  deg  for  rotations. 


3.4. 1.4  Automatic  Tool  Change 

It  is  anticipated  that  not  all  required  inspections  can  be  accomplished  using  the  same 
inspection  probe.  A  means  will  be  provided  to  automatically,  on  internal  or  manual  command, 
change  the  inspection  head.  This  change  will  be  accomplished  in  less  than  15  seconds  in  a 
manner  that  maintains  the  electrical  and  mechanical  coordination  between  the  probe  and  the 
rest  of  the  scanning  system.  Provision  will  be  made  to  interchange  a  minimum  of  20  different 
probes. 

3.4. 1.5  Two-Side  Inspection 

It  will  be  required  that  both  sides  of  components  be  inspected.  A  mechanism  for  turning 
parts  over  will  be  provided  if  the  scanning  system  configuration  only  permits  inspection  of  one 
side  of  a  component  at  a  time. 

3.4. 1.6  Part  Identification  and  Position  Reference 

A  means  will  be  provided  to  automatically  determining  the  serial  number  and  part 
number  of  components.  This  system  will  also  have  the  capability  of  providing  to  the  inspection 
system  the  reference  information  needed  to  locate  and  position  inspection  probes  on  compo¬ 
nents  consistent  with  minimum  capabilities. 

3.4.2  Mechanical  Scanners 

The  following  sections  specify  the  minimum  capabilities  required  for  mechanical  scan¬ 
ners.  The  requirements  for  ultrasonic  and  eddy  current  scanning  are  given  separately  since 
each  inspection  does  not  require  the  same  motions  or  precision. 

3.4.2. 1  Ultrasonic  Scanner 

Ultrasonic  scanning  will  be  done  with  the  component  and  the  inspection  probe  under 
water.  The  inspection  probe  will  be  maintained  at  a  fixed  distance  (standoff)  from  the 
inspection  surface,  which  ranges  from  2  to  4  inches,  and  with  its  axis  perpendicular  or  at  a 
fixed  angle  to  the  inspection  surface.  The  inspection  will  be  accomplished  by  rotating  the 
component  about  its  axis  beneath  the  inspection  probe.  The  track  of  the  impingent  spot  of  the 
inspection  beam  will  be  a  scan  line  that  is  circular  and  concentric  with  the  axis  of  the 
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component.  The  surface  /ones  of  components  over  which  ultrasonic  inspection  will  he  required, 
webs  and  bores,  are  enclosed  by  annuli  or  eylindrically  symmetric  sections  of  circles,  cylinders 
and  cones.  These  are  shown  schematically  in  Figures  F-,'iA  and  F-.'iH  with  estimated  times  to 
accomplish  them.  The  mechanical  system  must  articulate  the  probe  such  that  it  can  be  made 
to  impinge  on  these  surfaces. 


Bore: 

Two  Different  Inspections  Must  Be  Performed  on 
Each  Side  and  the  ID  of  the  Disk. 

1.  Scan  the  Surface  By  Rotating  the  Disk 
Under  a  Noncontacting  Probe  Under  Water 
Time:  7Vi  min  Total 

Calibration  Time:  2  min 

2.  Scan  the  Surface  By  Rotating  the  Disk 
Under  a  Contacting  Probe 

Time:  7’/z  min  Total 
Calibration  Time:  2  min 

FD  227310 


Figure  F-'dA.  Scanning  Procedures  and  Time  for  Dish  Hare 


Web  Surface 


-^r 


Other  Side 


Web: 

Two  Different  Inspections  Must  Be  Performed  On 
Each  Side  of  Disk. 

1.  Scan  the  Surface  By  Rotating  the  Disk 
Under  a  Noncontacting  Probe  Under  Water 
Time:  4V2  min  per  Side 

Calibration  Time:  2  min 

2.  Scan  the  Surface  By  Rotating  the  Disk 
Under  Contacting  Eddy  Current  Probe 
Time:  4'/?  min  per  Side 

Calibration  Time:  15  sec 
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Figure  F-.'ifi  Scanning  Procedures  and  Time  for  Web 

Materials.  The  materials  used  to  fabricate  those  portions  of  the  mechanical  system  that 
potentially  will  he  used  under  water  shall  be  made  of  noncorroding  materials  that  have 
compatible  galvanic  potential. 

Minimum  Capabilities.  The  minimum  mechanical  capabilities  have  been  summarized 
in  Figure  F-4  as  a  schematic  system  with  a  specific  set  of  motions;  other  combinations  may 
also  be  used  to  meet  these  capabilities. 

(1)  The  inspection  probe  shall  be  capable  of  being  positioned  on  inspection 
zones,  which  range  in  diameter  from  4  to  25  in. 

(2)  The  inspection  probe  shall  be  capable  of  being  positioned  on  the  inside  or 
outside  of  inspection  zones  that  are  sections  of  cylinders  up  to  fi  in.  in 
length. 

(2)  The  inspection  probe  shall  be  capable  of  pointing  in  any  direction  that  is 
between  0  deg  and  135  deg  from  any  line  parallel  to  the  component  axis 
and  emanating  from  one  side  of  the  component  (see  Figure  F-4).  This 
capability  will  be  such  that  it  is  possible  to  maintain  the  impingement 
point  of  the  inspection  beam  fixed  on  the  component  to  within  0.01  in. 
when  the  pointing  direction  is  changed. 

(4)  The  direction  of  the  inspection  beam  shall  be  controllable  to  *  0.1  deg. 

(5)  It  shall  be  possible  to  maintain  the  scan  track  to  within  0.01  in.  of  its 
intended  path. 

(til  Standoff  distance  between  the  component  and  transducer  shall  be  con¬ 
trollable  to  1  0.01  in. 


17)  The  speed  of  component  turntable  shall  he  selectable  such  that  the  scan 
rate  can  he  maintained  near  constant  independent  of  radius  in  any 
inspection  zone.  Scan  rates  of  8  in.  per  second  shall  be  possible. 

(8)  The  inspection  probe  manipulation  apparatus  shall  be  retractable  from 
the  inspection  area  to  permit  placement  and  removal  of  the  component. 

(9)  A  provision  shall  be  made  to  manually  adjust  the  pointing  direction  of 
the  inspection  probe  over  a  5  deg  cone.  This  is  necessary  because  the 
beam  emitting  from  an  inspection  probe  is  not  always  parallel  to  the  axis 
of  the  probe  casing. 

(10)  The  settling  time  after  changing  speed  or  stopping  motion  shall  be  less 
than  50  milliseconds. 

Scanning  Tank.  The  scanning  tank  at  a  minimum  shall  be  40  inches  in  width  ant 
length.  The  depth  will  he  such  that  any  component  6  inches  in  length  (thickness)  will  he  in 
closer  than  15  inches  to  any  tank  surface  or  the  surface  of  the  water. 


0-10  rpm 
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Figure  F-f.  Schematic  Fmhodimcnt  of  Ultrasonic  Scanning  Motions.  The 
Exact  ('ombination  Motions  Shown  Are  Not  Required.  Only 
Resultant  of  These  Motions  Is  Required.  Other  Combinations 
May  He  Appropriate 


Al  least  one  window  will  he  installed  in  the  side  of  the  tank  large  enough  to  permit  a 
straight -on  view  of  the  inspection  probe  when  any  component  is  being  inspected. 

The  tank  will  be  made  of  corrosion  proof  materials  or  be  coated  with  a  chip-resistant 
material  that  will  prohibit  corrosion. 

The  requirements  for  ultrasonic  scanning  equipment  are  summarized  in  Table  F-l. 

TABLK  F-l.  SUMMARY  OF  ANI)  CAPABILITY  REQUI RKMENTS  FOR 
ULTRASONIC  SCANNER 

Inspection  Zone  Diameter 
Inspection  Zone  Length 
Angular  Range  of  Pointing 
Pointing  Resolution 
impingement  Point  Positioning 
Scan  Track  Positioning 
Staiulofl  Distance 
Turntable  Speed 
Probe  Pointing  Adjustment 
Settling  'I’iine 

Scanning  lank  Min _ 

3.4.2. 2  Eddy  Current  Scanning 

For  eddy  current  inspection,  the  inspection  probe  will  be  in  contact  or  near  contact  with 
the  surface  being  inspected.  There  are  six  kinds  of  geometric  features  to  be  scanned.  These  are 
the  web  and  bore  surface  scallops,  knife  edge  seal,  oil  drain  slot,  rim  slot  corner,  rotation  slots 
and  bolt  holes.  (See  Figures  F-5A  through  F-5F  for  estimated  inspection  and  calibration 
times.)  All  features  of  interest  can  be  classified  into  classes  listed  below  and  as  shown  in  Figure 
F-6. 

(1)  Surfaces  that  are  annuli  or  sections  of  cones  or  circles  that  are  concentric 
with  the  component  axis  of  symmetry.  The  inner  and  outer  diameter  of 
these  zones  ranges  from  4  to  25  inches.  These  surfaces  shall  be  scanned 
by  rotating  disks  under  probes  that  are  normal  to  the  surface  being 
inspected. 

(2)  Through  holes  ranging  in  size  from  0.1  inch  to  1  inch  in  diameter  and  up 
to  2  inches  long  that  are  oriented  perpendicular,  parallel  and  at  angles  to 
the  symmetry  axis  of  the  component.  These  holes  will  he  inspected  by 
inserting  a  rotary  probe  that  scans  the  surface  in  a  helical  trace  as  it 
enters  the  hole. 

(5)  Curvilinear  edges  that  approximate  a  sector  of  an  ellipse.  These  will  be 
inspected  by  simultaneously  rotating  and  translating  the  inspection  probe 
and/or  component. 

(4)  Complex  surfaces  that  are  approximately  sectors  from  an  ellip¬ 
tical-shaped  hole  up  to  six  inches  long.  These  will  he  inspected  by 
successively  inserting  the  probe.  The  probe  will  he  rotated  a  small 
amount  between  each  insertion. 


4  to  25  in. 

6  in. 

■*  135  deg 
♦  0.1 

*  0.01  in. 

•  0.01  in. 

<  0.01  in. 

0  to  H  in.  per  sec  sciin  rule 

5  deg  cone 
50  millisec 

40  in.  X  40  in.  x  18  in. 
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Scallop: 

Scan  Along  the  Edge  of  a 
Complex  Curve  with  a  Contacting 
Probe,  Then  Rotate  to  Next  Location 
Time:  10  sec 
Calibration  Time:  20  sec 


Figure  F-5A.  Scanning  Procedures  and  Time  for  Scallops 


Knife  Edge  Seal: 

Scan  Along  the  Edge  by 
Rotating  Seal  Under  a 
Contacting  Probe 
Time:  1  min 

Calibration  Time:  20  sec 


FD  227312 

Figure  F-5H  Scanning  Procedures  and  Time  for  Knife-Edge  Seals 


Oil  Drain  Slot. 

Scan  Along  the  Edge  of  a 
Simple  Curve,  and  Then 
Rotate  to  Next  Location 
Time:  10  sec 
Calibration  Time:  20  sec 


Figure  F  5C  Scanning  Procedures  and  'Time  for  Oil  Drain  Slots 


Figure  F-5F.  Scanning  Procedure s  and  Time  for  Antirotation  Windows 


Insert  and  Withdraw  a  Rotating 
Noncontacting  Probe,  Then  Index 
to  the  Next  Location.  The  Nominal 
Probe/Surface  Clearance  Is  0.005  in. 
Time:  15  sec 
Calibration  Time:  30  sec 
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Figure  F-5F.  Scanning  Procedures  and  Time  for  Boltholes 

Component 

Axis 


R  =  '/2  in. 


D  =  0.1  in.  to  1  in. 
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igure  F-fi.  Schematic  of  Surfaces  Which  Require  Eddy  Current  Inspection 
Arrows  Indicate  Side  of  Surface  of  Interest  All  Idtrasonii 
Entry  Surfaces  Also  Require  Eddy  ('urrent  Scanning 


I Inlcs,  curvilinear  edges,  and  complex  surfaces  are  repetitive  features  on  components.  Tlte 
component  must  lie  rotated  (indexed)  after  each  feature  is  inspected  to  tiring  the  next  one  into 
position. 

Minimum  Capabilities.  The  minimum  mechanical  capabilities  have  been  summarized 
in  Figure  F-7  as  a  schematic  system  with  a  specific  set  of  motions;  other  combinations  of 
motions  may  also  be  used  to  meet  these  capabilities: 

( 1 )  The  inspection  probe  will  lie  capable  of  being  positioned  on  inspection 
zones  which  range  in  diameter  from  4  to  25  inches. 

(2)  The  inspection  probe  will  be  capable  of  being  positioned  on  the  inside 
and  outside  of  zones  that  are  sections  of  cylinders  up  to  6  in.  in  length. 

(2)  The  equipment  will  be  capable  of  maintaining  a  scan  line  separation  to 
within  0.01  in.  of  its  intended  path. 

(4)  Standoff  distance  between  the  inspection  probe  and  the  inspection  sur¬ 
face  will  be  controllable  to  ±0.001  in. 

(ft)  The  inspection  probe  will  be  pointable  in  any  direction  between  0  and  90 
deg  from  the  component  axis  or  a  line  parallel  to  it  as  shown  in  Figure 
F-7.  This  may  be  accomplished  by  tilting  the  component. 

(6)  The  pointing  direction  of  the  probe  will  be  controllable  to  within  +0.1 
deg. 

(7)  The  probe  assembly  will  have  an  axial  movement  capability  of  6  inches. 

This  capability  will  facilitate  inspection  of  holes. 

(8)  The  angular  position  resolution  of  component  rotation  will  be  ±  I  minute 
of  arc. 

(9)  The  speed  of  component  turntable  will  be  selectable  such  that  the  scan 
rate  can  be  maintained  constant  to  within  2  percent  independent  of 
radius  in  any  inspection  zone.  Scan  rales  of  8  in.  per  second  will  be 
possible. 

(10)  The  inspection  probe  manipulator  will  be  retractable  to  permit  placement 
and  removal  of  the  component. 


(II)  The  settling  time  often  changing  speed  or  stopping  motion  will  be  less 
than  50  milliseconds. 


Figure  F-7.  Schematic  Embodiment  of  Eddy  Current  Scanning  Motions. 

The  Exact  Combinations  Shown  Are  Not  Required.  Only  Their 
Resultant  Is  Required.  Other  Combinations  May  Be  Ap¬ 
propriate  in  Meeting  Specifications.  All  Motions  Are  Not  Nec¬ 
essary  To  Inspect  All  Locations  and  Therefore  Need  Not  Be 
Available  at  All  Times 

The  capability  requirements  for  the  eddy  current  scanner  are  summarized  in  Table  F-2. 


TABLE  F-2.  SUMMARY  OF  AND  CAPABILITY  REQUIRE¬ 
MENTS  FOR  EDDY  CURRENT  SCANNER 


'/.mu*  Diameter 

4  to  2b  in. 

Zone  l,ei>«lh 

(>  in. 

Stan  Line  Position  ini; 

MUM  in. 

Slant  loft  Distance 

*  0.(101  in. 

Range  of  Angular  Pointing 

•  !M>  (!«•(■ 

Pointing  Resolution 

*  0.1  den 

Probe  Axial  Range 

t>  in. 

Turntable  Position  Resolution 

±  1  minute  of  arc 

Turnlnhle  Speed 

0  to  8  in.  per  sec  scan  rate 

Turntable  Speet)  ('oiilrol 

1  O', 

Settling  'Time 

Mt  millisec 

3. 4. 2. 3  Fixturing 

The  mechanical  scanning  equipment  will  be  fitted  with  a  universal  fixture  that  is  capable 
of  holding  and  centering  component  to  an  accuracy  of  ±0.01  in.;  cylindrical  surfaces  of  the 
component  are  to  be  used  for  holding.  These  surfaces  may  have  their  inside  or  outside 
surfaces.  This  fixture  will  be  universal  in  that  it  can  be  used  to  hold  any  one  of  a 
predetermined  group  of  components.  This  fixture  will  be  capable  of  being  actuated  from  either 
a  manual  or  computer  command. 
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3.4.3  Motor  Controllers/Drives 


Motor  controllers  will  be  of  the  preset  indexer  type.  They  will  interface  with  computer 
equipment  using  IEEE  488A/I978  protocols.  Motor  controllers  will  he  capable  of  providing 
current  position  information  to  the  control  processor  in  addition  to  signaling  motion  comple¬ 
tion.  They  will  have  a  self-diagnostic  capability  that  can  indicate  controller  operational 
capability  to  the  external  controllers.  Sufficient  nonvolatile  internal  memory  will  be  provided 
to  log  hardware  error  conditions.  The  number  of  entries  and  contents  of  the  hardware  error  log 
will  be  accessible  both  through  a  manual  integration  and  through  the  system  controller.  In 
addition  upon  request,  the  instrument  will  provide  the  version/revision  identification  number 
off  its  internal  programming,  serial  number,  and  the  serial  numbers  of  modules  inserted  if 
applicable.  Motor  drivers  of  the  chopped  drive  type  will  not  be  used.  The  number  of  types  of 
controller/drives  will  be  minimized. 

3.4.4  Motors 

Mechanical  scanner(s)  will  he  driven  by  motors  capable  of  accelerating  to  full  speed  from 
rest  in  one  second.  Motors  used  in  incremental  motions  will  be  of  such  a  size  that  can  reach 
speeds  of  6  inches  per  second  for  linear  motions  and  10  deg  per  second  for  angular  motions. 
Motors  will  be  sized  such  that  the  above  motions  can  be  accomplished  with  fixturing,  plus 
components  of  up  to  1150  lb  and  probe  head  assemblies  up  to  2  lb  in  place. 

3.4.5  Encoders 

All  motions  will  be  encoded  with  absolute  encoders  to  indicate  the  position  of  the  axis. 
The  precision  of  encoders  will  be  consistent  with  the  minimum  tolerance  and  minimum 
capability  requirements.  Placement  of  encoders  at  or  as  close  as  possible  to  the  end  of 
mechanical  sequences  is  encouraged.  Encoders  will  be  durable  and  be  capable  of  meeting 
environmental  requirements.  The  number  of  types  of  encoders  used  for  all  equipment  will  be 
minimized. 

3.4.6  Mechanical  System  Controller 

The  mechanical  system  controller  will  direct  the  motion  of  the  multiaxis  of  the  mechani¬ 
cal  scanner.  This  system  will  manage  all  motion  and  provide  position  information  on  the 
location  of  each  axis. 

The  mechanical  system  controller  will  be  microprocessor  based  with  a  minimum  of  128K 
byte  memory.  It  will  be  assumed  that  mass  storage  and  10  terminal  capabilities  will  be 
provided  as  part  of  the  inspection  module  computer.  A  provision  will  be  provided  to  add  mass 
storage  and  terminal  capabilities  if  it  is  found  to  be  appropriate  at  a  later  time. 

Communication  between  the  mechanical  system  controller  and  both  the  inspection 
module  computer  and  motor  controller/drives  will  be  done  using  IEEE  488A/I978  protocol. 

The  mechanical  system  controller  will  direct  scanning  system  motion  on  commands 
received  from  a  manual  control  pad  or  the  inspection  module  processor.  It  will  also  direct 
motion  sequences  (scan  plans)  that  have  been  transmitted  (down-loaded)  from  the  inspection 
module  computer  and  stored  in  the  mechanical  system  controller. 

A  provision  will  be  made  to  modify  scan  sequences  in  real  time  to  accommodate  minor 
tolerance  variations  in  part  geometry  or  in  fixturing  alignment.  Information  needed  to 
establish  variation  parameters  will  be  derived  from  location  determinations  done  before  scan 
initiation  or  during  scanning  and  supplied  to  the  scanning  system  controller  by  the  inspection 


module  computer.  This  information  will  be  derived  from  the  sensing  capabilities  of  inspection 
probes.  Ultrasonic  instrumentation  can  provide  standoff  distance  and  an  indication  of  change 
in  ultrasonic  beam  entry  angle.  Eddy  current  instrumentation  can  also  provide  standoff 
distance.  This  variation  sensing  information  can  be  used  to  effectively  meet  scanning  system 
standoff  and  alignment  requirements.  The  mechanical  system  controller  will  be  capable  of 
interpreting  and  responding  to  scan  plans  described  in  terms  of  functional  commands  such  as 
move,  increment,  rotate,  accelerate,  or  the  other  terms  which  can  be  used  to  indicate  motion 
of  the  scanning  mechanics. 

3.4.7  Manual  Control  Pad 

A  control  pad  will  be  provided  to  manually  enable  motion  of  all  scanning  axes.  This  pad 
will  be  of  size  and  weight  to  be  held  in  one  hand.  All  motions  will  be  enabled  in  both  forward 
and  reverse  directions. 

3.4.8  Enclosure 

The  enclosure  for  the  mechanical  system  controller  will  be  of  the  type  that  provides  its 
own  ventilation,  circulation,  and  cooling  if  necessary.  It  will  contain  dust  filters  and  be  capable 
of  maintaining  the  temperature  needed  for  proper  element  operation  in  external  operational 
environment  specified  previously.  This  enclosure  will  provide  slides  or  rails  such  that  individ¬ 
ual  modules  and  units  can  be  removed  for  servicing  or  replacement.  Modules  will  be  such  that 
they  will  permit  equipment  operation  when  the  module  is  in  the  extended  position. 

3.4.9  Identification  Plates 

Identification  plates  will  be  mounted  on  each  module  indicating  its  type,  serial  number, 
and  mating  cable  connections. 

3.5  Parts,  Materials,  and  Processes 

All  parts,  materials,  and  processes  will  be  applicable  to  good  commercial  practice  as 
required  to  meet  the  specific  performance  as  described  in  this  specification.  The  use  of 
radioactive  materials  will  be  limited  to  display  devices. 

3.6  Finish  Color 

The  finishing  color  of  equipment  enclosure  will  be  that  normally  supplied  by  the 
maufacturer. 

3.7  Design  and  Construction 
3.7.1  Design 

Kquipment  will  be  designed  with  the  intention  of  having  durable,  reliable,  and  easily 
maintainable  equipment  that  can  operate  in  the  depot  maintenance  environment.  Maximum 
attention  must  be  given  to  maintenance  and  self-diagnostic  capability  so  that  it  is  possible  to 
ascertain  whether  or  not  the  equipment  is  operating  without  the  use  of  highly  skilled 
personnel. 
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3.7.2  Construction 


Provisions  will  be  made  to  ensure  that  the  electrical  connectors  are  mated  only  to  the 
appropriate  counterpart.  When  design  considerations  require  close  proximity  of  connectors  of 
similar  configuration,  designs  and  construction  will  include  built-in  adjustments  or  compensat¬ 
ing  devices  for  restoring  the  equipment  to  specified  tolerances.  These  devices  will  be  capable 
of  compensating  for  the  change  in  performance  that  is  expected  to  occur  over  a  period  of  one 
year. 


All  modules  will  be  connected  with  plug-type  connectors  of  the  type  that  will  minimize 
fretting  and  corrosion  which  might  lead  to  possible  failure  or  create  high-resistance  paths. 
Cabling  and  wiring  will  be  sheathed  and  guarded  to  minimize  the  effect  of  abrasion  and  wear. 

Particular  care  should  be  excercised  in  the  design  and  selection  of  cabling  and  connectors 
to  assure  rugged  and  durable  performance  since  it  is  known  that  cabling  faults  are  a  common 
cause  of  equipment  malfunction. 

All  analog  circuitry  will  be  constructed  on  printed  circuit  boards.  Digital  construction  will 
be  printed  circuit  boards  in  accordance  with  manufacturer’s  practices.  All  digital  circuit  boards 
must  be  operable  with  extender  cables. 

3.7.2. 1  Test  Points 

Tost  points  will  be  provided  in  the  form  of  terminal  points  that  are  accessible  of 
evaluation  of  circuits  while  equipment  is  operational  and  covers  the  removal.  Test  points  will 
be  identified  on  the  layout  and  the  circuit  schematic  and  on  the  chassis  or  circuit  board  where 
they  are  located. 

3.8  Marking  and  Identification 

Identification  and  supplemental  plates  may  be  located  on  the  equipment.  Information 
plates  will  contain  the  following  information:  model  number  and  revision,  equipment  name  or 
description,  serial  number,  power  requirements,  and  manufacturer’s  name. 

3.9  Environmental  Requirements 

The  equipment  will  meet  the  appropriate  military  equipment  specification.  It  will  be 
operable  in  the  maintenance  environment  and  not  require  excessive  tooling  or  dust  filtration 
for  operation.  Equipment  will  operate  under  the  vibration  requirements  typically  found  in  the 
maintenance  environment.  It  will  be  not  so  fragile  as  to  be  able  to  take  the  standard  wear  and 
tear  and  vibrations  encountered  in  such  an  environment. 

3.9.1  Electromagnetic  Interference 

The  effects  of  elect romagnelic  interference  will  be  minimized  by  appropriate  grounding 
and  isolations.  The  use  of  optical  isolation  is  recommended,  ('hopped  stepper  motor  drives  and 
other  noise  and  generating  approaches  should  be  avoided. 

3.10  Maintainability 

Maintainability  will  be  a  prime  consideration  during  the  design  and  manufacture  of  the 
equipment.  The  maintainability  will  be  developed  in  such  a  manner  that  it  will  allow  the 
required  work  to  be  performed  by  Air  Force  maintenance  personnel.  Maintenance  plans  based 
upon  element  substitution  are  acceptable. 
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3. 10. 1  Diagnosing  Cause  of  Failures 


Equipment  will  have  the  capability  of  self-diagnosing  the  cause  and  location  of  failures. 
This  capability  will  identify  the  specific  elements  that  must  be  replaced  to  reinstitute 
operation.  The  mean  repair  time  will  be  90  minutes.  The  maximum  tolerable  time  will  be  115 
minutes.  The  maximum  corrective  maintenance  will  not  exceed  270  minutes. 

A  maintainability  program  will  be  developed  during  the  design  phase  and  completed 
during  the  manufacture  phase.  The  program  will  consist  of  a  plan  to  demonstrate  the 
maintainability,  an  explanation  of  how  to  use  the  maintenance  manual,  and  all  acceptable 
schemes  that  can  be  used  to  provide  remedial  action.  In  general,  the  first  line  maintenance 
approach  will  be  replacement.  To  accomplish  this,  a  detailed  list  of  spare  parts  will  be 
provided.  The  equipment  self-diagnostic  capability  will  be  sophisticated  enough  to  provide  the 
low-level  operator  with  the  necessary  information  to  indicate  which  module  must  be  replaced 
to  restore  operation. 

3.11  Interchangeability 

Major  components  of  the  system  supplied  by  manufacturers  will  be  interchangeable  over 
the  entire  life  of  the  production  cycle.  Both  mechanical  and  electrical  aspects  of  the  equipment 
will  have  this  interchangeability  feature. 

3.12  Documentation 

An  instruction  manual  and  other  information  required  for  depot  use  of  this  equipment 
will  lie  provided  by  the  contractor.  A  manual  addressing  the  maintenance  of  this  equipment, 
detailed  operation,  and  necessary  instructions  for  initial  setup  will  be  provided.  Three  bound 
copies  suitable  for  a  six-month  field  trial  of  the  equipment  will  be  provided  with  each  set  of 
equipment  ordered.  Detailed  component  and  assembly  drawing  will  be  provided. 

3.12.1  Metric-English  Equivalent 

All  component  dimensions  illustrated  in  drawings  will  be  provided  in  metric  (SD  units 
followed  by  English  units  (for  those  commonly  reported  English  units). 

3. 12.2  Glossary 

A  glossary  of  terms  will  be  established  by  the  contractor  for  the  purpose  of  identifying 
controls,  operation  terms,  and  maintenance  manual  and  labeling  equipment.  A  glossary  will  be 
submitted  to  the  purchaser  for  review  and  approval  to  assure  that  standard  nomenclature  is 
established  prior  to  the  supplier’s  use  of  these  names  and  abbreviations. 

4.0  QUALITY  ASSURANCE  PROVISIONS 

4.1  Responsibility  for  Inspection  and  Tests 

Unless  otherwise  specified,  the  supplier  is  responsible  for  the  performance  of  all  inspec¬ 
tion  and  test  requirements  specified.  Except  otherwise  specified,  the  supplier  may  utilize  his 
own  facilities  or  any  commercial  laboratory.  The  Procuring  Activity  reserves  the  right  to 
witness  or  perform  any  of  the  inspections  set  forth  in  this  specification. 


4.2  Quality  Program 


Contractor  will  provide  and  maintain  a  quality  program  which  includes  the  following  as 
a  minimum: 

4.2. 1  Inspection  System 

An  inspection  system  capable  of  monitoring  the  mechanical  dimensions  and  the  electrical 
performances  required  to  manufacture  the  equipment  will  he  provided. 

4.2.2  Initial  Quality  Planning 

The  contractor  during  earliest  practical  phase  will  conduct  a  review  of  the  requirements 
of  the  contract  to  identify  and  make  timely  provisions  for  special  controls  processes,  test 
equipment,  fixtures,  tooling,  and  skills  required  for  ensuring  product  quality.  This  initial 
planning  will  recognize  the  need  to  prepare  and  update  inspection  test  procedures  and 
techniques  and  to  provide  required  equipment  and  services  as  well  as  interfacing  these  quality 
controls  with  manufacturing  procedures.  The  planning  will  also  provide  appropriate  review  to 
assure  applicability  of  manufacturing,  inspection,  testing  and  documentation. 

4.2.3  Design,  Drawing,  and  Configuration  Controls 

A  design  review  meeting  involving  the  contractor  and  the  Procuring  Activity  will  be  held 
prior  to  fabrication  of  any  units.  Contractors  will  notify  the  procuring  activity  at  least  30  days 
in  advance  of  the  time  and  place  of  design  and  review.  Contractors  will  establish  procedures  to 
assure  timely  incorporation  and  control  of  the  configuration.  These  procedures  will  include  a 
control  of  document  transmittals  to  all  effective  organizations  to  assure  that  work  and  quality 
functions  are  accomplished  in  accordance  with  the  latest  approved  documents  and  that 
obsolete  documents  are  removed  from  use.  Drawing  controls  must  verify  that  the  last  built 
configuration  conforms  to  applicable  specifications,  drawings,  and  other  contractual  require¬ 
ments  including  all  authorized  changes  and  modifications,  and  that  the  effective  documents 
are  revised  to  accurately  describe  the  last  built  configuration. 

4.3  Tolerances 

Tolerances  on  as-specified  performance  parameters  and  physical  dimensions  will  he 
indicated.  Where  no  tolerances  are  shown,  a  nominal  value  will  he  applied,  and  the  tolerance 
of  t  5  percent  will  he  applicable. 

4.4  Inspection  and  Test  Requirements 

Kquipment  will  he  inspected  and  tested  as  a  complete  article.  Where  detail  test 
procedures  are  not  specified,  the  contractors  will  develop  the  procedure  necessary  to  provide 
objective  evidence  that  the  requirements  have  been  met.  These  procedures  will  he  included  in 
the  overall  test  procedure  plan.  Sequence  of  testing  will  be  approved  by  the  procuring  activity. 
When  modifications,  repairs,  or  replacements  are  required  after  final  testing  or  inspection, 
there  will  he  a  reinspection  and  a  retesting  of  any  characteristic  defect. 

4.4.1  Test  Conditions 

Unless  otherwise  specified,  test  conditions  will  he  conducted  at  ambient  temperature  and 
climatic  conditions  existing  in  the  test  place. 


4.5  Test  Procedure  Plan 

Procedures  for  conducting  first  article  tests  will  be  prepared  by  the  contractor  and 
submitted  to  the  Procuring  Activity  for  acceptance  at  least  30  days  prior  to  the  scheduled  date 
of  tests.  The  review  activity  will  not  exceed  30  days.  The  Procuring  Activity  will  reserve  the 
right  to  modify  the  test  or  require  additional  tests  if  necessary. 

4.6  Test  Report 

Test  data  will  be  recorded  during  testing  in  the  form  that  would  permit  reference  to  the 
test  procedures  and  equipment  use  and  will  provide  for  actual  readings  of  measure  values. 
These  data  will  be  submitted  in  a  test  report  within  30  days  upon  the  completion  of  the  tests. 

5.0  PREPARATION  FOR  DELIVERY 

5.1  General 

All  equipment  will  be  examined  in  accordance  with  the  requirements  stated  and  accep¬ 
tance  of  the  time.  Upon  acceptance  of  the  item,  it  will  be  shipped  to  the  procuring  activity. 

5.2  Packaging 

Contractors  will  provide  reservation  packaging  and  packing  which  will  afford  adequate 
protection  against  physical  damage  during  shipment  of  all  deliverable  items. 

6.0  F100  PARTS  SELECTED  FOR  RETIREMENT-FOR-CAUSE  ANALYSIS 

Figures  F-8  through  F-28  show  the  critical  location  and  key  dimension  of  the  21  F100 
parts  that  have  been  selected  to  undergo  Retirement  for  Cause  structural  analysis.  The 
Retirement  for  Cause  inspection  system  must  have  the  dexterity  to  evaluate  all  these  locations. 
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Figure  F- 19.  2-4  Compressor  Spacer  (P/N  4049087) 
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Figure  F  20.  0-7  Compressor  Spacer  (P/N  10490 10) 

-Antirotation  Window 
0.155  ,  0.195 

0.135  X  0.185 


Corner  Radii 


Spacer  OD  16.270  in.  Material:  Waspaloy 
Spacer  ID  15.240  in. 

Height  1.760  in. 


I 'if!  lire  F-22.  H-9  Compressor  Sparer  (l‘/N  105097H) 


-Antirotation  Window 
0.155  0.195 

-  0.185 


Corner  Radii 


Spacer  OD 
Spacer  ID 
Height 

16.330  in. 
15.450  in. 
1.763  in. 

Material:  Waspaloy 

FD  223052 

Figure  F-22. 

9-10  Compressor  Spacer  (P/N  4050979) 
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APPENDIX  G 


INSPECTION  PERFORMANCE  SPECIFICATION 

Formulation  of  a  final  specification  will  not  be  made  until  the  probabilistic  Retirement 
for  Cause  (RFC)  software  has  been  used  to  perform  sensitivity  analyses  of  candidate  F100 
components. 

Pending  completion  of  these  analyses,  the  following  preliminary  specification  is  proposed: 

1 )  For  each  of  the  material/part  geometry/flaw  type,  the  system  must  be  demonstrated 
to  provide  sufficient  reliability  (probability  of  rejecting  a  cracked  part)  at  three 
defect  size  ranges: 

a)  Acceptable  cracks  which  will  definitely  not  grow  to  failure  in  several  inspection 
intervals. 

b)  Marginal  cracks  —  at  approximately  the  optimum  accept/reject  size. 

c)  Unacceptable  cracks  —  which  could  grow  to  failure  over  one  inspection  interval. 

2)  In  addition,  the  false  rejection  probability  must  be  sufficiently  low  at  all  three  actual 
defect  size  ranges. 

It  is  important  to  point  out  that  the  specific  size  ranges  must  be  determined  for  each 
location  and  flaw  type  by  means  of  the  RFC  analysis.  Full  probabilistic  analysis  will  establish 
the  optimum  accept/reject  size(s),  but  our  experience  indicates  that  this  will  occur  at  a  crack 
size  which  will  grow  to  failure  under  average  loading  and  environmental  conditions  in  three  to 
five  inspection  intervals  (i.e.,  a  safety  factor,  SF,  of  ,'5  to  f>).  The  unacceptable  crack  size  to  be 
evaluated  is  one  that  will  have  a  high  probability  of  growing  to  failure  in  one  inspection 
interval  if  it  were  returned  into  service.  Because  the  deterministic  fracture  mechanics  analyses 
performed  in  the  Structural  Assessment  Program  have  some  degree  of  conservatism  built  into 
them,  they  will  not  be  used  directly,  without  modification,  to  establish  the  optimum  (ac¬ 
cept /rejectl  size  nor  the  smaller  or  larger  size  ranges  where  inspection  reliability  is  to  be 
evaluated. 

Thai  probabilistic  reliability  which  is  sufficient  shall  be  finalized  by  the  sensitivity 
analyses  with  the  RFC  software.  Inspection  reliability  goals  are  shown  in  Figure  (1-1.  They  are: 


Crack  Size 

Probability  of  Rejection 

Acceptable 

Less  than  ().2-r>f> 

(a  -  s,  SF  -<>) 

Optimum 

(Ireater  than  0.50 

(a~s,  SF-:i) 

l  Inacceptable 

(•renter  than  O.PO.r> 

(a  s,  SF  I) 


(Where  a  is  actual  flaw  size  and  s  is  accept /reject  inspection  level.) 
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■ommendations  for  Probability  of  Rejection  Specification s  at  Various  Cracks  Sues, 


ror  the  preliminary  specification,  I  lie  probability  of  rejection  for  optimum  mid  unaccep¬ 
table  (large)  cracks  must.  exceed  ().5()  (50%)  and  0.005  (!)0%),  respectively.  On  the  other  hand, 
lor  acceptable  (small)  cracks  the  specification  requires  that  no  more  than  0.255  (25%)  of  the 
cracks  are  rejected  in  order  to  assure  an  acceptably  low  number  of  false  rejections. 

Due  to  the  anticipated  availability  date  for  total  system  evaluation  under  actual  depot 
conditions,  an  evaluation  of  the  transducer/electronics  (or  penetrant  reading  device)  subsystem 
prior  to  assembly  and  evaluation  of  the  balance  of  the  inspection  system  (e.g.,  manipulators, 
position  locations,  vibration,  operator  errors)  is  required.  Figure  G-l  shows  the  preliminary 
specification  for  the  transducer/electronics  subsystem  as  well  as  for  the  balance  of  the  system 
and  the  total  system. 


The  evaluation  procedure  will  use  at  least  10  actual  cracks  of  each  size  range  for  each 
material,  defect  type,  and  geometric  detail.  The  same  part  can  he  used  to  produce  cracks  and 
evaluate  inspection  performance  in  different,  locations  and  reduce  the  total  number  of  parts 
required. 
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APPENDIX  H 


PARTS  HANDLING  SUBSYSTEM  FOR 
RETIREMENT  FOR  CAUSE  INSPECTION  SYSTEM 


1.  SCOPE 

The  parts  handling  systems  are  presented  under  three  approaches  based  on  different 
parts  throughput  rates.  A  condtnsed  description  of  these  approaches  follows: 

System  I  —  This  system  is  configured  to  process  RFC-candidate  disks  and 
spacers  for  100  P&WA  F100  engines  per  month.  Parts  loading  and  unloading 
and  setup  on  the  inspection  machines  will  be  manual.  Each  machine  is  totally 
automatic  and  suitable  to  inspect  any  of  the  parts. 

System  II  —  This  system  is  configured  to  process  RFC-candidate  disks  and 
spacers  for  200  P&WA  F100  engines  per  month  with  fully  automatic  opera¬ 
tions.  Machines  are  typically  dedicated  to  one  type  of  inspection  except  when 
requirements  are  low.  In  this  case  the  machine  is  set  up  for  more  than  one  type 
of  inspection. 

Pilot  System  —  This  system  is  configured  with  two  eddy  current  and  one 
ultrasonic  inspection  machines.  The  purpose  is  to  set  up  a  minimal  operation 
to  test  and  verify  systems  capabilities. 

This  specification  defines  the  minimum  technical  and  performance  requirements  for 
handling  disks  and  spacers  for  gas  turbine  engines.  The  equipment  will  be  suitable  for  use  in 
the  existing  repair  facility  depot  at  the  U.S.  Air  Force.  The  three  systems  used  for  this  analysis 
are  not  exclusive.  They  were  chosen  because  they  represent  the  range  of  probable  system 
requirements. 

The  parts  handling  systems  will  be  provided  for  transport  of  gas  turbine  engine  disks  and 
spacers  totalling  21  parts  per  engine.  The  parts  are  grouped  in  four  modules  as  follows: 


Module 

I.  Fan  Module 


II.  Compressor  Suh-Module 


1‘orl 

Description 

ILL 

Part  No. 

1st  Disk 

IF 

4046741 

2nd  Disk 

2F 

4048902 

2rd  Disk 

:IF 

4048902 

4th  Disk 

1C 
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7th  Disk 
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8th  Disk 
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2-:i  Spacer 
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12/11*  CPS 

4041691 
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HI.  High  Turbine  Sub-Module 


IV.  Low  Turbine  Module 


1st  Disk 

IT 

4043321 

2nd  Disk 

2T 

4042922 

1-2  Spacer 

1/2  TS 

4042715 

TOBI  Seal 

TOBI 

4036812 

3rd  Disk 

31’ 

4041794 

4th  Disk 

4T 

4001857 

Kach  part  contains  the  part  number  and  a  unique  serial  number.  The  parts  configuration  and 
basic  dimensions  are  illustrated  in  figures  H-l  through  H-21. 

Time  available  for  processing  was  established  on  the  basis  of  a  seven  hour,  one  shaft  per 
day  operation,  22  days  per  month,  for  a  total  of  l.r>4  hr  per  month. 
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Figure  H-H.  Ist-Slagr  Turbine  Disk  (T/N  1(11X121) 


Spacer  OD 
Spacer  ID 
Height 


16.270  in. 
15.240  in. 
1.760  in. 


Material:  Waspaloy 


■Antirotation  Window 
0.155  0.195  0.055 

0.135  0.185  0.045 


Corner  Radii 


Figure  H-15.  8-9  Compressor  Spacer  (F/N  4050978) 
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Figure  ll-lli.  9-10  Compressor  Spacer  (F/N  1050979) 
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2.  APPLICABLE  DOCUMENTS 

The  parts  handling  system  will  he  designed,  fabricated  and  installed  in  compliance  with 
all  applicable  Military  and  Federal  Specifications  and  Standards. 

The  conveyor  system  will  be  provided  in  accordance  with  Conveyor  Equipment  Manufac¬ 
turers  Association. 

3.  SYSTEM  I 

3.1  Major  Component  List 

The  parts  handling  subsystem  is  comprised  of  the  following  major  components: 

•  Parts  handling  conveyor  system  consisting  of: 

1  Powered  roller  conveyor,  26  in.  wide,  from  overhaul  RFC 
to  the  inspection  receiving  station.  This  conveyor  will 
include  six  right  angle  transfer  mechanisms  to  effect 
transfer  of  boxes  onto  surge  conveyors. 

6  Gravity  roller  conveyors,  24  in.  wide,  to  provide  a  buffer 
prior  to  receiving  inspection. 

1  Transfer  powered  roller  conveyor,  .'16  in.  wide. 

1  Accumulation  and  delivery  powered  roller  conveyor,  24  in. 
wide,  with  six  right  angle  transfer  mechanisms  for  the 
eddy  current  machines. 

I  Accumulation  powered  roller  conveyor,  26  in.  wide. 

1  Powered  roller  delivery  conveyor,  24  in.  wide,  with  three 
right  angle  transfer  mechanisms  for  the  ultrasonic  ma¬ 
chines. 

1  Accumulation  and  delivery  powered  roller  conveyor,  26  in. 
wide,  which  includes  five  right  angle  transfer  mechanisms 
to  effect  the  transfer  of  boxes  onto  surge  conveyors  for 
accepted  parts. 

1  Accumulation  gravity  roller  conveyor,  24  in.  wide,  for  re¬ 
jected  parts,  including  right  angle  transfer  mechanism. 

4  Gravity  roller  conveyors,  24  in.  wide,  to  provide  a  buffer 
for  accepted  parts. 

I  Powered  roller  conveyor,  26  in.  wide,  to  transport  pallets 
exiting  the  RFC  area. 


Powered  roller  conveyor  sections,  one  21  in.  and  the  other 
26  in.  wide,  to  transport  empty  tote  boxes  back  to  ov¬ 
erhaul. 


3  Vertical  lift  sections  to  interconnect  floor  level  and 
elevated  conveyor. 

1  Conveyor  control  system. 

•  150  tote  boxes,  each  with  two  permanent  metal  identification  plates. 

•  One  laser  beam  marking  machine  for  inscribing  “zero  point”  and  part  and 
serial  numbers. 

•  One  part  number  scanner  at  the  induction  station. 

•  11  bar  code  scanner  wands. 

•  One  single  rail  hoist,  500  lb  capacity,  12  ft  span,  with  runways. 

•  Three  dripstand  and  blowoff  units  at  ultrasonic  inspection. 

3.2  Government  Furnished  Property  List 

The  pallets  or  other  suitable  containers  to  transport  the  inspected  modules  to  the 
storage/retrieval  system  of  the  repair  facility  will  be  furnished  by  the  depot  repair  facility. 

3.3  Item  Definition 

The  parts  handling  subsystem  will  provide  the  means  to  stage  and  transport  the  parts 
from  the  existing  overhaul  operations  throughout  the  RFC  inspection  process  until  they  are 
placed  hack  into  storage  subsequent  to  the  inspection  tests. 

This  system  will  consist  of  a  series  of  powered  and  gravity  roller  conveyors  with 
accumulating  sections  and  right  angle  transfers.  This  system  will  also  include  the  transport 
boxes  that  contain  the  parts. 

3.3.1  Hem  Diagrams 

Drawing  1-1,  Appendix  I,  provides  a  conceptual  layout  of  the  proposed  parts  handling 
subsystem.  Figure  H-22  contains  a  How  diagram  which  describes  the  sequence  of  part 
processing.  Figure  H-2.'!  displays  a  conceptual  transport  container  (tote  box). 

3.3.2  Interface  Definition 

All  interfaces  between  conveyor  and  inspection  equipment  are  manually  performed,  i.e., 
an  operator  removes  each  part  from  the  tote  box  and  places  it  in  the  inspection  machines. 

The  conveyor  control  system  will  be  directly  interfaced  with  the  inspection  master 
computer  system  at  the  exit  audit  station.  The  computer  system  will  automatically  cause 
rejected  modules  to  be  routed  to  the  reject  spur. 

The  conveyor  transporting  tote  boxes  to  and  from  the  overhaul  operations  will  be 
interfaced  with  the  receiving  conveyor  for  loaded  tote  boxes  and  the  outgoing  conveyor  for 
empty  tote  boxes  at  the  boundary  of  the  RFC  facility. 

The  conveyor  transporting  parts  to  the  storage/retrieval  system  will  be  interfaced  with 
the  inspected  parts  removal  conveyor  at  the  boundary  of  the  RFC  facility. 
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3.4  Performance 


The  parts  handling  subsystem  will  be  capable  of  transporting  the  disks  and  spacers  of  the 
gas  turbine  engine  at  the  required  throughput. 

The  throughput  is  based  on  a  processing  rate  of  100  engines  per  month.  Each  engine 
contains  a  total  of  21  RFC  disks  or  spacers  grouped  into  four  modules.  The  components  of 
each  module  will  remain  together  throughout  the  transportation  and  processing  steps. 

The  throughput  will  be  based  on  seven  hours  per  day  and  22  days  per  month  for  a  total 
of  154  hr  per  month. 

Modules  will  be  supplied  to  the  inspection  stations  on  a  first-in,  first-out  basis. 

Parts  handling  and  machine  set-up  times  were  estimated  on  a  task  by  task  basis.  Refer  to 
Table  H-l.  Because  of  the  preliminary  nature  of  this  study,  allowances  were  made  for 
unforeseen  tasks.  These  times,  together  with  inspection  and  calibration  times  provided  (Tables 
H-2  and  H-3),  established  the  total  processing  time  required  for  each  part. 


Tables  H-4  and  H-5  provide  the  detail  by  part  number  and  a  summary  of  total  processing 
hours  required  per  month  for  the  eddy  current  and  ultrasonic  stations. 

The  number  of  inspection  stations  required  was  determined  by  dividing  the  sum  of 
monthly  setup  and  machine  times  (Table  H-5)  by  154  hr  per  month: 

Eddy  Current  Machines:  ^j^^hr/mo*  =  ^  mac^'nes 

Ultrasonic  Machines:  \  =  2.0  machines 

154  hr/mo 

This  assumes  100%  efficiency  on  the  part  of  the  inspection  equipment  and  average 
throughput  rates  for  the  system.  Due  to  the  sophistication  of  this  equipment  and  the 
redundancy  requirements,  it  is  required  that  a  minimum  of  six  eddy  current  machines  and 
three  ultrasonic  machines  be  provided. 

The  relationship  between  the  time  requirements  for  parts  handling/machine  setup  and 
inspection  is  such  that  a  machine  operator  can  handle  two  machines. 

Because  the  ultrasonic  operation  takes  place  under  water  and  because  not  all  parts 
require  ultrasonic  testing,  these  machines  were  grouped  together  and  located  downstream  from 
the  eddy  current  operations. 

3.5  Design  and  Construction 

The  system  will  incorporate  standard  and  interchangeable  components.  The  design  will 
be  modular  in  nature  for  simplification  and  ease  of  installation. 
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TABLE  H-l.  PARTS  HANDLING  AND  MACHINE  SET-UP 
TIMES  FOR  SYSTEM  I 


Time  in  Seconds  Per 
Module  Part  Operation 


Standard  Operations 

1.  Walk  to  load/unload  station,  scan  bar  code 


Remove  part  from  container 
Visual  inspection 
Load  part 
('lamp  part 

Index  part,  read  part  iiiimtior.  load  program 
Read  screen  and  select  prolx* 

Load  prol>e 

('alihrale  (Calibrate  'Lime  Table  H-2) 


10.  Start  Test 

Run  Test  (Inspection  Time 

I).  Walk  to  next  machine 


Table  H  I) 


12.  t Inclamp  part 

1.1.  Remove  part  from  machine 

M.  I  Mace  part  in  container 

I  ft.  Release  box  from  unload  station  and  return 


Variable 

ft 

Variable 


Part  l 'urn ore 
Hi.  I  Inclamp 
17  Remove  part 

I H.  Turnover 

19.  Reload  pari 

20.  ('lamp 

21.  Index  part 


l  Itrasunn  Inspections 


Operations 


Inspection  Calibration 


Eddy  Current  'lest 

Handl/  Total  Hours 
ali brat  ion  Setu  "v 


(! (trust tnic  Tvst _ 

Hand 1/  Total  Hours 


Inspection  Calibration 


TABLE  H-4B.  PROCESS  TIME  REQUIREMENTS  IN  SECONDS  (UNLESS  NOTED  FOR  SYS¬ 
TEM  I  —  MODULE  II 


Operations 


_ Eddy  Current  Test 

Handl/  Total  Hours 

Inspection  Calibration  Setup  Time  mo 


_ Ultrasonic  Test _ 

Handl /  Total  Hours 

Inspection  Calibration  Setup  Time  mo 


FABLE  H-4B.  PROCESS  TIME  REQUIREMENTS  IN  SECONDS  (UNLESS  NOTED  FOR 
SYSTEM  I  MODEL  II  (Continued) 


_ _ Eddy  Current  Test _ _ /  Unisono  Test 

l,,,rt  llantll/  Tot  til  Hours  Hamit 

ID  t  tperutmtis  Inspectuni  C althrafion  Setup  Tune  too  Disputing  ( ahbrat  ton  Sr/u/> 

6/7  Loud  and  Unload  195  195 

(’PS  Rotation  Slot  60  20  75  1 55  _ _ 

Total  60  20  270  250  9.7 

7/8  Load  and  Unload  195  195 

(’PS  Rotation  Slot  60  20  75  155 

Total  60  20  270  250  9.7 

H/9  Load  amt  Unload  195  195 


itthi!  Hum-. 
Jinir  inn 


Rotation  Slot 

60 

20 

75 

1 55 

Total 

60 

20 

270 

250 

9.7 

Load  and  Unload 

195 

1 95 

Rotation  Slot 

60 

20 

7r> 

177 

Tui  ill 

60 

20 

270 

250 

9.7 

Load  and  Unload 

195 

107 

Rotation  Slot 

60 

20 

75 

1 55 

ii.tiii 

60 

20 

270 

250 

9.7 

Load  and  Unload 

10.7 

195 

Rotation  Slot 

tit) 

20 

75 

177 

Total 

60 

20 

270 

070 

0.7 

l.oii(l  and  Unload 

197 

107 

Rotation  Slot 

070 

20 

77 

•155 

Total 

ofio 

20 

270 

770 

19.1 

Move  tote  box 

120 

120 

2.2 

Total,  Module  11 

■4,470 

:ur> 

:  1,797 

8,250 

201.9 

TABLE  H-4C.  PROCESS  TIME  I 
I  -  MODULE  III 


( tperat  inns 


Load  and  l  nload 
Roll  holes 

Alible  ( 'onling  Holes 
Axial  U*H»lin^  Holes 
Pore 


_ Eddy  Current  Trst  _  _ Cltrnsonic  Trst _ 

Hand!/  Total  Hours  Hand!/  Total  Hours 

Inspection  (’alibratinn  Setup  Time  mo  Inspection  ('alibration  Setup  Time  mo 


_ Eddy  ('urrcnt  Test _  _ ( Htrasonic  Test _ 

Cart  Hand!/  'fatal  Hours  Handl/  Total  Hours 

ID  Operations  Inspection  Calibration  Setup  Time  mo  Inspection  Calibration  Setup  Time  mo 


3T  Load  and  Unload 
Radial  Holes 
Bore 
Web  I 
Web  2 


3.7  Reliability 


The  system  will  be  designed  with  sufficient  ruggedness  and  capacity  and  with  the 
application  of  standard  and  interchangeable  components  in  order  to  achieve  a  high  level  of 
reliability. 

3.8  Maintainability 

The  conveyor  control  system  will  have  self-test  diagnostics  to  assist  in  maintenance 
activities.  All  major  components  will  be  interchangeable  insofar  as  practical.  All  conveyor 
drives,  actuators  and  other  components  requiring  frequent  service  will  be  located  for  easy 
access. 

3.9  Environmental  Conditions 

The  parts  handling  system  will  be  designed  to  operate  in  a  normal  maintenance  facility 
environment. 

3.10  Major  Components  Characteristics 
3. 10. 1  Parts  Handling  Conveyor  System 

1.  Power  roller  conveyor  to  transport  modules  in  tote  boxes  from  the  FPI 
area.  The  conveyor  will  be  provided  with  six  stops  and  right  angle 
transfer  mechanisms  to  divert  the  boxes  onto  the  surge  conveyors.  The 
stops  and  transfer  mechanisms  will  be  programmed  to  effect  the  transfer 
sequentially  from  one  accumulation  to  the  next.  The  conveyor  has  two 
levels  (floor  and  elevated)  which  will  be  connected  with  a  vertical  lift. 

2.  Gravity  roller  conveyors  for  accumulation  prior  to  induction  station.  A 
release-restrain  mechanism  will  be  provided  at  the  exit  end  of  each 
conveyor  so  that  one  box  is  released  at  a  time  onto  the  transfer  conveyor. 

The  release  mechanism  will  be  actuated  remotely  by  the  operator  at  the 
induction  station.  The  conveyor  will  be  designed  to  maintain  the  box  flow 
through  the  conveyor  without  excessive  acceleration  but  with  assurance  of 
movement. 

3.  Power  roller  transfer  conveyor  to  deliver  boxes  to  the  induction  station. 

The  conveyor  will  be  actuated  on  demand  by  the  operator  at  the 
induction  station.  Upon  completion  of  the  activities  at  the  induction 
station,  the  box  will  be  transported  to  the  end  of  the  conveyor  and  a  right 
angle  transfer  mechanism  will  deliver  the  box  to  the  accumulation  con¬ 
veyor  prior  to  the  inspection  stations. 

4.  Power  roller  conveyor  for  accumulation  and  delivery  of  tote  boxes  to  the 
eddy  current  inspection  stations.  The  portion  of  the  conveyor  up  to  the 
first  transfer  mechanism  will  be  used  for  accumulation  of  tote  boxes.  A 
stop  with  a  release-restrain  mechanism  will  be  provided  to  allow  only  one 
box  to  move  out  at  a  time. 

The  remainder  of  the  conveyor  will  supply  and  remove  tote  boxes  from 
the  eddy  current  inspection  stations. 


At  the  completion  of  an  inspection,  the  station  operator  will  actuate  a 
switch  which  will  activate  the  right  angle  transfer  and  the  conveyor  to 
remove  the  box.  The  switch  will  also  release  the  stop  at  the  accumulating 
conveyor  and  another  box  will  be  conveyed  to  the  same  inspection  station 
by  means  of  the  delivery  conveyor  and  right  angle  transfer  mechanism. 

When  a  tote  box  reaches  the  end  of  the  delivery  conveyor,  it  will  actuate 
a  switch  to  effect  the  transfer  onto  the  accumulator  conveyor  prior  to  the 
ultrasonic  inspection  stations. 

5.  Power  accumulation  conveyor  will  stop  and  a  release-restrain  mechanism 
will  be  provided  to  allow  only  one  box  to  move  out  at  a  time.  The  release 
mechanism  will  be  activated  by  switches  located,  and  actuated  by  opera¬ 
tors,  at  the  ultrasonic  inspection  stations. 

6.  Power  roller  conveyor  for  delivery  and  removal  of  tote  boxes  for  the 
ultrasonic  inspection  stations.  This  conveyor  will  be  provided  with  the 
same  features  as  specified  in  item  4,  above. 

7.  Power  roller  conveyor  for  accumulation  prior  to  the  audit  station  and 
delivery  of  tote  boxes  to  either  the  rejected  or  accepted  parts  accumula¬ 
tion  conveyors. 

On  completion  of  the  auditing,  the  operator  will  activate  a  switch  to 
release  the  box  to  the  transfer  mechanism.  The  conveyor  control  system 
will  be  interfaced  with  the  inspection  master  control  system.  Upon 
direction  from  the  computer  system,  the  computer  control  will  set  up  a 
stop  and  activate  the  right  angle  transfer  mechanism  to  divert  the  box  to 
the  reject  spur,  or  allow  the  box  to  travel  to  the  gravity  buffer  roller 
conveyor  for  accepted  parts.  The  conveyor  will  be  provided  with  four 
stops  and  right  angle  transfer  mechanisms  to  divert  the  boxes  onto  the 
surge  conveyor.  The  stop  and  transfer  mechanisms  will  be  automatic  and 
programmed  to  effect  the  transfer  sequentially  from  one  spur  to  the  next. 

8.  Gravity  roller  conveyor  for  tote  boxes  with  rejected  parts. 

9.  Gravity  roller  conveyors  for  tote  boxes  with  accepted  parts. 

10.  Power  roller  conveyor  to  transport  loaded  container  or  pallet  with  parts 
destined  to  the  storage/ retrieval  system.  The  conveyor  will  operate  in¬ 
termittently  at  the  command  of  (he  operator  unloading  the  system.  The 
conveyor  has  two  levels  ( floor  and  elevated)  which  will  be  connected  with 
a  vertical  lift. 

11.  Power  roller  conveyor  with  a  right  angle  transfer  to  transport  empty  tote 
boxes  to  the  FP1  area.  The  conveyor  has  two  levels  (floor  and  elevated) 
which  will  be  connected  with  a  vertical  lift.  The  conveyor  will  operate 
intermittently  at  the  command  of  the  operator  unloading  the  system. 

12.  Vertical  lifts  to  connect  floor  mounted  conveyors  to  elevated  conveyors. 
These  lifts  will  be  designed  to  automatically  receive,  elevate  and  dis¬ 
charge  the  loads  between  the  two  levels  of  (he  conveyors. 


i:t.  Conveyor  control  system  will  lie  designed  to  include  all  the  functional 
requirements  described  in  this  section  and  as  required  to  make  a  com¬ 
plete  and  integrated  system. 

3.10£  Tote  boxes  34  in.  long,  22  in.  wide  and  12  in.  high  for  transport  of  modules  throughout 
the  system.  The  boxes  will  have  dividers  for  separation  of  parts.  The  boxes  will  be  made  of 
high  impact  plastic  or  fiberglass.  Each  box  will  contain  two  metal  plates  permanently  attached 
at  opposite  sides  and  engraved  with  a  permanent  and  unique  bar  code  and  its  numerical 
equivalent.  The  bottom  of  the  boxes  will  be  flat  and  suitable  for  transportation  by  roller 
conveyor. 

3.10.3  High  speed  laser  beam  marking  machine  for  inscribing  the  marking  of  the  “zero  point” 
on  the  surface(s)  of  the  parts.  The  machine  will  also  be  used  to  inscribe  the  part  number  and 
serial  number  if  these  are  not  present  or  not  suitable  for  machine  reading. 

The  machine  will  be  provided  with  a  fixture  to  properly  secure  and  position  the  part  to 
be  marked.  The  markings  will  be  engraved  on  annuli  surfaces. 

All  alpha-numeric  characters  will  be  provided  and  in  sizes  suitable  to  the  surface  of  the 
part  which  will  be  designated  for  the  engraving. 

The  machine  will  be  provided  with  a  CRT  for  data  input  and  microprocessor  to 
automatically  control  the  functions  of  the  engraving. 

3.10.4  Part  number  scanner  capable  of  reading  alpha-numeric  characters  inscribed  on  the 
disks  or  spacers.  Information  read  will  be  transmitted  to  the  inspection  master  computer 
system. 

3.10.5  Bar  code  reader  wand  to  optically  scan  and  transmit  bar  code  symbol  data  to  the 
inspection  master  computer  system. 

3.10.6  Single  girder  monorail  hoist  ,yi-ton  capacity,  motorized,  12  ft  span,  underhung, 
pendant  floor  operated,  with  25  ft  long  runway. 

3.10.7  Drip  stand  for  ultrasonic  inspection  station.  Stand  will  be  built  of  corrosion-proof 
material  and  be  of  sufficient  height  to  allow  the  dripping  to  flow  back  to  the  tank.  The  stand 
will  be  supplied  with  a  compressed  air  blowoff  gun. 

3.11  Summary  of  Operation 

The  sequence  of  operations  for  the  system  is  illustrated  in  the  flow  diagram  Figure  H-22. 
The  equipment  configuration  is  illustrated  in  Drawing  1-1. 

Parts  will  come  from  the  overhaul  area  via  a  24  in.  powered  roller  conveyor.  The  parts 
will  be  transported  in  tote  boxes  34  in.  long  by  22  in.  wide  by  12  in.  high.  Each  box  will  carry 
parts  for  a  complete  module.  The  parts  will  be  stacked  and  separated  by  dividers.  Refer  to 
Figure  H  23. 

Each  tote  box  will  have  a  metal  plate  permanently  attached  to  the  side.  This  plate  will 
contain  a  unique  number  and  the  bar  code  representation  of  this  number  for  each  box.  'Phis 
number  will  be  used  to  inform  the  computer  of  the  location  and  status  of  each  module  as  it  is 
processed. 


3.11.1  Induction  Area 


At  the  induction  area,  the  modules  will  be  transferred  onto  gravity  roller  conveyors  for 
buffer  storage.  These  conveyors  will  have  capacity  to  store  a  three-day  buffer. 

The  induction  operator  wiii  release  the  boxes  from  the  buffer  area  as  necessary  in  a 
first-in  first-out  order  at  the  pace  required  by  the  inspection  process.  Upon  release,  a  box  will 
be  automatically  transported  to  a  position  in  front  of  the  receiving  operator  and  stop.  The 
operator  will  first  scan  the  bar  code  on  the  side  of  the  tote  box  with  a  hand-held  scanner  and 
key  in  the  module  number  (1  through  4)  on  his  CRT  terminal.  He  will  then  remove  each  part 
from  the  box,  one  at  a  time,  and  verify  that  the  “zero”  reference  point  marking  exists.  This 
marking  will  be  required  on  all  parts  so  that  the  point  where  the  inspection  starts  becomes 
fixed.  If  the  “zero”  reference  point  is  not  present,  the  operator  will  load  the  part  into  an 
engraving  machine  to  have  it  properly  marked. 

Next,  the  operator  will  read  the  part  number  and  serial  number  with  an  instrument 
similar  to  the  reader  located  at  each  inspection  station,  to  ensure  readability.  If  the  part 
number  and/or  serial  number  are  not  machine  readable,  he  must  re-inscribe  the  number.  This 
will  be  accomplished  by  means  of  a  machine  located  at  his  station. 

When  the  induction  operator  has  finished  these  tasks,  he  releases  the  tote  box  which  is 
then  conveyed  via  a  right  angle  transfer  onto  the  delivery  conveyor.  The  first  portion  of  the 
delivery  conveyor  acts  as  holding  storage  for  the  eddy  current  inspection  machines. 

3.11.2  Inspection  Stations 

A  load/unload  station  is  provided  adjacent  to  the  delivery  conveyor  at  each  inspection 
station.  When  an  inspection  operator  has  completed  all  work  on  a  module,  he  actuates  a  switch 
which  activates  the  transfer  of  the  box  onto  the  delivery  conveyor  where  it  will  be  conveyed  to 
the  ultrasonic  inspection  operation.  When  the  tote  box  moves  off  the  load  station  a  message  is 
sent  to  the  conveyor  control  system  to  release  the  next  tote  box  from  the  holding  storage  and 
convey  it  to  this  station.  Upon  arrival  at  the  station,  a  stop  will  be  raised  and  a  transfer 
mechanism  will  move  the  tote  box  to  the  load/unload  station.  Since  an  operator  will  usually  be 
working  on  two  inspection  machines  at  the  same  time,  this  conveyance  method  should  not 
induce  idle  time. 

3. 11.3  Eddy  Current  Inspection 

At  the  inspection  station  the  operator  scans  the  bar  code,  which  is  located  on  the  plate 
attached  to  the  tote  box,  with  a  wand.  This  information  is  then  transmitted  automatically  to 
the  inspection  master  computer  system  and  the  proper  inspection  program  is  downloaded  to 
the  inspection  station  computer  system.  This  system  then  begins  to  prompt  the  inspection 
operator  through  the  required  steps  for  each  part  number  within  the  module. 

For  some  parts,  multiple  tests  will  be  required.  Also,  some  parts  require  tests  on  both 
sides  of  the  parts.  The  inspection  steps  are  outlined  briefly  in  Figure  H-22. 

As  shown  in  Table  H-4,  for  all  parts,  the  handling  and  set-up  time  is  less  than  or  equal 
to  the  inspection  (machine)  time.  Therefore  one  inspection  operator  has  sufficient  time  to 
operate  two  machines.  In  order  to  minimize  the  risk  of  mixing  up  the  parts,  and  reduce  the 
complexity  of  the  computer  control  system,  it  is  necessary  that  if  an  operator  is  operating  two 
machines,  each  machine  will  inspect  a  separate  and  complete  module,  instead  of  bringing  a 
module  in  and  placing  the  first  part  in  one  machine,  the  second  part  in  the  second  machine, 
and  alternating  machines  until  all  parts  have  been  processed.  The  reliability  of  the  overall 
system  is  increased  since  each  machine  station  can  be  viewed  as  an  independent  unit. 

2:w 


•V 


^  »,<  J  ■  i  II"  J  »  l  m »  ■  U  *!!  ■  9' 


1  l'  '.■ 


Once  the  module  has  been  released  from  one  of  the  six  eddy  current  inspection  stations, 
il  will  he  conveyed  unlil  stopped  at  an  accumulation  section  of  the  conveyor  prior  to  the 
ultrasonic  inspection  stations. 

3.11.4  Ultrasonic  Inspection 

The  ultrasonic  inspections  stations  will  operate  in  a  similar  manner  as  was  just  described 
for  the  eddy  current  stations.  The  exception  is  that  these  tests  will  be  performed  under  water 
in  a  tank.  Once  all  inspections  for  each  part  are  complete,  the  part  will  be  set  on  a  stand  to 
drain  off  the  water  and  will  be  blown  dry  with  compressed  air  prior  to  being  placed  back  in  the 
tote  box. 
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Only  some  of  the  parts  within  each  module  require  ultrasonic  inspection.  Therefore,  once 
the  operator  has  identified  the  module  to  the  computer  by  means  of  the  scanner  wand,  the 
computer  system  will  prompt  the  operator  on  which  part(s)  to  load.  The  part  number  reader 
associated  with  the  inspection  machine  will  verify  that  the  proper  part  has  been  loaded  before 
allowing  the  test  to  continue. 


Once  the  ultrasonic  inspections  for  the  module  are  finished,  the  operator  actuates  a 
switch  which  activates  the  transfer  of  the  box  onto  the  conveyor  and  the  box  is  conveyed  to  an 
accumulating  section  of  conveyor  located  prior  to  the  final  audit  and  inspection  station. 

3.11.5  Audit  Station 

At  this  station,  the  operator  scans  the  bar-code  on  the  plate  attached  to  the  tote  box.  If 
any  of  the  inspections  for  any  of  the  parts  in  the  module  indicate  that  that  part  has  flaws  a 
report  will  be  automatically  printed  on  a  line  printer  and  placed  in  the  tote  box.  The  conveyor 
will  then  automatically  transfer  this  box  to  the  reject  spur.  All  other  (acceptable)  boxes  will  be 
transferred  to  the  accumulation  spurs. 

At  the  reject  spur,  an  overhead  hoist  will  be  furnished  to  remove  the  tote  boxes  from  the 
conveyor  and  stage  them  for  final  disposition. 

The  acceptable  parts  accumulation  spurs  consist  of  gravity  roll  conveyors.  At  the  end  of 
the  gravity  roll  conveyors  an  operator  will  unload  the  parts  and  place  them  in  storage 
containers  suitable  for  the  storage/retrieval  system  available  at  the  depot  engine  maintenance 
center.  The  operator  will  load  only  one  module  per  storage  container  in  order  to  maintain  the 
components  of  each  module  together.  The  storage  containers  will  then  be  conveyed  to  the 
storage  area.  The  empty  tote  boxes  will  be  conveyed  back  to  the  FPI  area. 
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4.  SYSTEM  II 


4.1  Major  Component  List 

The  parts  handling  subsystem  is  comprised  of  the  following  major  components: 

•  Parts  handling  conveyor  system  consisting  of: 

1  Powered  roller  conveyor,  24  in.  wide,  from  overhaul  area 
to  the  induction  station.  This  conveyor  will  include  seven 
right  angle  transfer  mechanisms  to  effect  transfer  of 
boxes  onto  surge  conveyors. 

7  Gravity  roller  conveyors,  116  in.  wide,  to  provide  a  buffer 
prior  to  induction  station. 

1  Transfer  powered  roller  conveyor,  24  in.  wide,  to  stage 
boxes  for  the  induction  station  and  to  return  empty  boxes 
to  the  overhaul  area. 

1  Power  and  free  conveyor  complete  with  carriers,  stops, 
scanners,  switches,  spurs,  accumulating  lanes  and  secon¬ 
dary  supporting  structure. 

1  Gravity  roller  conveyor,  24”  wide,  for  accumulation  of 
rejected  parts. 

1  Powered  roller  conveyor,  36”  wide  to  transport  pallets 
exiting  the  RFC  area. 

1  Vertical  lift  sections  to  connect  floor  level  and  elevated 
conveyors. 

1  Conveyor  control  system. 

18  Automatic  industrial  robots  for  loading  and  unloading 
parts  at  the  inspection  stations. 

13  Parts  rollover  devices. 

•  22  conveyor  carrier  scanners. 

•  Three  dripstand  and  blowoli  units  at  ultrasonic  inspection. 

•  One  laser  beam  marking  machine  for  inscribing  the  “zero”  point  and 
part/serial  number 

•  One  part  number  scanner  at  the  induction  station. 

•  One  single  rail  hoist,  MM)  lb  capacity,  25  It  span,  with  runways. 

•  100  tote  boxes  to  transport  modules  from  the  overhaul. 


4.2  Government  Furnished  Property  List 


The  pallets  or  other  suitable  containers  to  transport  the  inspected  modules  to  the 
storage/retrieval  system  of  the  repair  facility  will  be  furnished  by  the  depot  repair  facility. 

4.3  Item  Definition 

The  parts  handling  subsystem  will  provide  the  means  to  stage  and  transport  the  parts 
from  the  fluorescent  penetrant  and  dimensional  inspection  operations  throughout  the  RFC 
inspection  process  until  they  are  placed  back  into  storage  subsequent  to  the  inspection  tests. 

This  system  will  consist  of  a  series  of  powered  and  gravity  roller  conveyors  and  a  power 
and  free  conveyor. 

This  system  will  also  include  the  transport  boxes  that  contain  the  parts. 

4.3.1  Item  Diagrams 

Drawing  1-2  provides  a  conceptual  layout  of  the  proposed  parts  handling  subsystem. 
Figure  H-24  contains  a  How  diagram  which  describes  the  sequence  of  part  processing.  Figure 
H-23  displays  a  conceptual  transport  container  (tote  box). 


4.3.2  Interface  Definition 

All  interface  between  conveyor  and  inspection  machines  will  be  performed  by  industrial 
robots.  The  robots  will  he  interfaced  with  the  conveyor  control  system. 

The  conveyor  control  system  will  be  interfaced  with  the  inspection  master  computer 
system.  The  computer  system  will  communicate  with  the  conveyor  control  system  as  necessary 
to  control  the  routing  of  the  parts  through  the  system. 

The  conveyor  transporting  tote  boxes  to  and  from  the  overhaul  operations  will  be 
interfaced  with  the  receiving  conveyor  for  loaded  tote  boxes  at  the  boundary  of  the  RFC 
facility. 

The  conveyor  transporting  [tarts  to  the  storage/retrieval  system  will  be  interfaced  with 
the  inspected  parts  removal  conveyor  at  the  boundary  of  the  RFC  facility. 

4.4  Performance 

The  part  handling  subsystem  will  be  capable  of  transporting  the  disks  and  spacers  of  the 
gas  turbine  engine  at  the  required  throughput. 

The  throughput  is  based  on  a  processing  rate  of  200  engines  per  month.  Kach  engine 
contains  a  total  of  21  RFC  disks  or  spacers  grouped  into  I  modules.  The  components  of  each 
module  will  Ik-  regrouped  at  the  completion  of  (hr-  transportation  and  processing  steps. 

The  throughput  will  be  based  on  seven  hours  per  day  and  22  days  per  month  for  a  total 
of  154  hours  per  month. 

Modules  will  be  supplied  to  the  induction  station  on  a  first-in,  first -out  basis. 
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The  higher  throughput  and  higher  efficiency  to  be  gained  by  more  automation  at  the 
processing  level  of  200  engines  per  month  became  the  basis  for  assigning  a  dedicated  machine 
for  each  type  of  inspection  wherever  possible,  a  multi-routing  with  accumulation  parts 
handling  system,  and  automatic  industrial  robots  for  loading  and  unloading  parts  at  the 
inspection  stations. 

Parts  handling  and  machine  set-up  times  were  estimated  on  a  task  by  task  basis.  Refer  to 
Table  H-6.  Because  of  the  preliminary  nature  of  this  study,  allowances  were  made  for 
unforeseen  tasks.  These  times,  together  with  inspection  and  calibration  times  provided  (Tables 
H-2  and  H-3),  established  the  total  processing  time  required  for  each  part. 

Tables  H-7  and  H-8  provide  the  detail  by  operation  and  a  summary  of  total  processing 
hours  required  per  month  for  the  eddy  current  and  ultrasonic  stations. 


TABLK  H-6.  PARTS  HANDUNC  AND  MACH  INK  SBTIJP 
T1MKS  FOR  SYSTKM  11 


Seconds 

Standard  Operations 

Index  carrier  to  unload  position 

40 

(*ock  carrier  in  |>osition 

10 

Unload  part  from  carrier 

10 

Load  part  into  inspection  fixture 

20 

Ltx-k  parts  fixture 

5 

Position  part  to  zero  point 

5 

Calibrate  (see  table  H-2) 

Variable 

Run  test  (see  table  H-l) 

Variable 

UnUnk  fixture  and  retract  probe  holder 

S 

Remove  part  from  fixture’ 

20 

Return  part  to  carrier 

10 

1  Inlock  carrier 

_ r>_ 

1:10 

Tart  Turnover 

Load  part  into  rollover  fixture 

20 

('lamp  part 

r. 

Rollover 

fi 

Unload  and  transfer  to  machine 

20 

Restore  part  to  initial  orientation  (repeat  steps  12  -|.rd 

r»o 

100 

( 'llrasitnu  Insert  tom 

Itlnwolt 

:o 

TABRK  H-7.  PKOOKSS  TIMK  RKQUIKKMKNTS  IN  SKCONDS  (UNLKSS  NOTED)  FOR  SYSTEM  II 


TABLK  II  8.  SI  I MM  ARY  OK  1‘IUM ’KSSINO  11 MK  UK 
QllIRKMKNTS  BY  OPKRATION  KOR  SYS 
TKM  II 


f  ffuratutn 


r.ddy  <  urrvnt 

Scallops 
Boltholes 
Kim  Slots 
Angle 

Rotation  Slots 
Drain  Slots 
Knife  Kdge 
Kadial  Imlr 
Axial  ( 'iMiling  Slots 
Well  Test  Sale  I 
Well  I’est  Side  2 
Bore 


Hours/ Month 


Mach  i  nr  s  Machines 
Ucquind  I’nuidrd 


Standby 

TOTAL 

/  '  It  rn  sonic 

Well  Test  Side  I  and  2 
Bore 

TOTAL 


The  number  of  inspection  machines  required  was  determined  by  dividing  the  sum  of 
monthly  setup  and  machine  times  (Table  H-8)  by  154  hours  per  month. 

The  “Machines  Required”  column  of  Table  H-8  assumes  100'V  efficiency  on  the  part  of 
the  inspection  equipment  and  average  throughput  rates  for  the  system.  Because  of  the  low 
processing  time  demand,  the  rotation  slots,  drain  slots  and  knife  edge  operations  were 
combined  and  assigned  to  one  inspection  machine.  The  same  held  true  for  the  radial  hole  and 
axial  cooling  hole  operations.  The  fractional  number  of  machines  calculated  for  each  operation 
were  rounded  up  to  allow  for  machine  downtime  and  other  unforeseen  inefficiencies.  One 
standby  machine  was  added  for  the  eddy  current  inspection  to  provide  redundancy  for  the 
operations  that  have  only  one  machine.  In  the  ultrasonic  operations  two  machines  will  be 
provided  for  each  operation.  In  case  one  machine  is  down,  reduced  throughput  will  be  available 
through  the  other. 

4.5  Design  and  Construction 

t  he  system  will  incorporate  standard  and  interchangeable  components.  The  design  will 
be  modular  in  nature  for  simplification  and  ease  of  installation. 

4.6  Physical  Characteristics 

There  are  no  special  weight  limitations  that  apply  to  the  parts  handling  system.  Loading 
imposed  by  the  equipment  will  be  in  conformance  with  the  requirements  for  light  industrial 
laeilit  ies. 


The  system  will  be  designed  to  conform  to  (he  specified  clear  height  of  18  ft  for  the  RF<  ’ 


The  parts  handling  system  will  lie  laiill  lor  conventional  imlusln.il  use  and  will  lie 
permanently  installed. 

The  equipment  will  incorporate  all  necessary  safety  features  in  order  to  protect  personnel 
during  installation,  operation  and  maintenance. 

4.7  Reliability 

System  will  lie  designed  with  sufficient  ruggedness  and  capacity  and  with  the  application 
of  standard  and  interchangeable  components  in  order  to  achieve  a  high  level  of  reliability. 

Main  line  conveyor  drives,  programmable  controllers,  and  microprocessors  will  be 
provided  in  redundancy. 

4.8  Maintainability 

The  conveyor  control  system  will  have  self  test  diagnostics  to  assist  in  maintenance 
activities.  All  major  components  will  be  interchangeable  in  so  far  as  practical. 

All  conveyor  drives,  actuators,  scanners  and  other  components  requiring  frequent  service 
will  be  located  for  easy  access. 

4.9  Environmental  Conditions 

The  parts  handling  system  will  be  designed  to  operate  in  a  normal  maintenance  facility 
environment. 

The  power  and  free  conveyor  will  be  supported  from  the  overhead  structure  of  the 
facility. 

4.10  Major  Components  Characteristics 
4.10.1  Parts  Handling  Conveyor  System 

1.  Power  roller  conveyor  to  transport  modules  in  tote  boxes  from  the  FPI 
and  dimensional  inspection  areas.  The  conveyor  will  be  provided  with 
seven  stops  and  right  angle  transfer  mechanisms  to  divert  the  boxes  onto 
the  surge  conveyors.  The  stops  and  transfer  mechanisms  will  be  auto¬ 
matic  and  programmed  to  effect  the  transfer  sequentially  from  one 
accumulation  conveyor  to  the  next.  The  conveyor  will  have  two  levels 
(floor  and  elevated)  which  will  be  connected  with  a  vertical  lift.. 

2.  Gravity  roller  conveyors  for  accumulation  prior  to  induction  station.  A 
release-restrain  mechanism  will  be  provided  at  the  exit  end  of  each 
conveyor  so  that  one  box  is  released  at  a  time  onto  the  transfer  conveyor. 

The  release  mechanism  will  be  actuated  remotely  by  the  operator  at  the 
induction  station.  The  conveyor  will  be  designed  to  maintain  the  box  flow 
through  the  conveyor  without  excessive  acceleration  but  with  assurance  of 
movement. 

li.  Power  roller  transfer  conveyor  to  deliver  boxes  to  the  induction  station. 

The  conveyor  will  be  actuated  on  demand  bv  the  operator  at  the 
induction  station.  Upon  completion  of  the  activities  at  the  induction 
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station,  the  empty  box  will  he  indexed  to  a  vertical  lift  device.  'Phis  device 
will  elevate  and  transfer  the  empty  hox  onto  the  elevated  power  roller 
conveyor  for  transportation  to  the  KIM  and  dimensional  inspection  areas. 


Overhead  power  and  free  conveyor  for  delivery  of  parts  the  eddy  current 
and  ultrasonic  inspection  stations.  The  conveyor  will  be  supported  from 
the  facility  structure  by  means  of  secondary  support  steel. 

Carriers  will  be  provided  to  carry  a  single  part.  Kach  carrier  will  have  an 
identification  number  that  can  be  recognized  by  the  scanners  that  will  be 
provided  at  every  decision  point  throughout  the  route.  The  carrier  will  be 
configured  to  carry  any  of  the  21  parts  in  a  stable  manner  and  will  allow 
the  part  to  be  unloaded  and  loaded  by  the  industrial  robots. 

At  every  entry  or  exit  point,  the  conveyor  system  will  be  provided  with 
stops  to  hold  the  carriers  until  the  entrance  or  exit  is  clear. 

At  every  decision  point  a  scanner  will  be  provided  to  read  the  carrier 
identification  number  and  communicate  the  information  to  the  control 
system  which  will  activate  a  switch  to  divert  the  carrier  or  allow  it  to  pass 
to  the  next  decision  point. 

Kach  inspection  station  will  be  furnished  with  a  spur  that  includes  a  stop 
at  the  exact  load/unload  position.  The  spur  will  have  sufficient  length  to 
accumulate  three  carriers  in  addition  to  the  one  at  the  load  position.  If 
another  carrier  is  directed  to  a  station  when  the  spur  is  full,  this  carrier 
will  be  automatically  recirculated. 

The  load  position  will  contain  a  device  to  hold  in  place  the  hook  of  the 
carrier  to  facilitate  the  loading  and  unloading  by  the  industrial  robot.  At 
the  completion  of  the  inspection,  when  the  part  is  placed  on  the  carrier 
and  the  robot  has  retracted,  the  carrier  will  be  automatically  released  and 
another  one  brought  into  position. 

After  a  carrier  leaves  the  area  of  the  inspection  stations  it  will  pass  by  an 
audit  scanner  which  will  communicate  the  carrier  number  to  the  control 
system.  'The  control  system  will  then  assign  a  lane  in  the  accumulating 
conveyor  section  or  recirculate  the  carrier  back  to  the  inspection  stations 
in  case  an  inspection  was  bypassed. 

When  all  parts  of  a  module  are  together  the  conveyor  control  system  will 
inquire  from  the  inspection  master  computer  system  the  results  of  the 
inspection  tests.  Modules  with  parts  containing  flaws  will  be  routed 
automatically  to  the  reject  unload  station.  Otherwise  the  module  will  be 
routed  to  the  acceptable  parts  unload  station.  After  the  parts  are  un¬ 
loaded,  the  empty  carriers  will  be  routed  to  the  loading  station  or  empty 
carrier  storage  track. 

(Iravitv  roller  conveyor  for  storage  containers  with  rejected  parts. 

Powered  roller  conveyor  to  transport  loaded  containers  or  pallets  with 
parts  destined  to  the  storage/retrieval  system.  The  conveyor  will  operate 
intermittently  at  the  command  of  the  operator  unloading  the  system.  The 
conveyor  will  have  two  levels  (floor  and  elevated)  which  will  be  connected 
with  a  vertical  lift. 
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7.  Vertical  lilts  to  connect  (loor  mounted  conveyors  to  elevated  conveyors. 
These  lifts  will  be  designed  to  automatically  receive,  elevate  and  dis¬ 
charge  the  loads  between  the  segments  of  the  conveyors. 

8.  Conveyor  control  system  will  be  designed  to  include  all  the  functional 
requirements  described  in  this  section  and  as  required  to  make  a  com¬ 
plete  integrated  system. 


4.10.2  Automatic  industrial  robots  will  load  and  unload  parts  at  the  inspection  stations.  The 
robots  will  be  computer  controlled  and  interfaced  with  the  conveyor  control  system.  They  will 
have  multi-axis  movement  to  perform  all  required  positioning  functions  within  the  accuracy 
required  by  the  inspection  machines. 

The  industrial  robots  will  be  floor  mounted  and  provided  with  gripper(s)  suitable  to 
handle  all  parts  at  each  station. 

The  robots  at  the  ultrasonic  inspection  stations  will  be  provided  with  gripper(s)  made  of 
noncorrosive  material  and  a  compressed  air  blowoff  device. 

4.10.3  Rollover  devices  for  parts  requiring  inspection  on  both  sides.  It  will  have  automatic 
clamping  and  rollover  operations  interfaced  with  the  industrial  robot.  The  device  will  be 
mounted  on  a  floor  supported  stand.  For  the  ultrasonic  inspection  stations,  the  device  will  be 
protected  against  corrosion  due  to  the  wet  operation. 

4.10.4  High  speed  laser  beam  marking  machine  for  inscribing  the  marking  of  the  “zero  point” 
on  the  surface(s)  of  the  parts.  The  machine  will  also  be  used  to  inscribe  the  part  number  and 
serial  number  if  these  are  not  present  or  unsuitable  for  machine  reading. 

The  machine  will  he  provided  with  a  fixture  to  properly  secure  and  position  the  part  to 
be  marked.  The  markings  will  be  engraved  on  annuli  surfaces.  All  alpha-numeric  characters 
will  be  provided  in  sizes  suitable  to  the  surface  of  the  part  which  will  be  designated  for  the 
engraving.  The  machine  will  be  provided  with  a  CRT  for  data  input  and  a  microprocessor  to 
automatically  control  the  functions  of  the  engraving. 

4.10.5  Part  number  scanner  capable  of  reading  alpha-numeric  characters  inscribed  by  the 
laser  beam  marking  machine.  Information  read  will  be  transmitted  to  the  inspection  master 
computer  system. 

4.10.6  Single  girder  monorail  hoist,  f>()0  lb  capacity,  motorized,  25  ft  span,  underhung, 
pendant  floor  operated,  with  50  ft  long  runway. 

4.10.7  Tote  boxes  84  in.  long,  22  in.  wide  and  12  in.  high  for  transport  of  modules  from  the 
KPI.  The  boxes  will  have  dividers  for  separation  of  parts.  The  boxes  will  be  made  of  high 
impact  plastic  or  fiberglass.  The  bottom  of  the  boxes  will  be  flat  and  suitable  for  transporta¬ 
tion  by  roller  conveyors. 

4.11  Summary  of  Operation 

The  primary  material  transport  device  in  this  system  is  a  power-and-free  conveyor. 

The  sequence  of  operations  for  the  system  is  illustrated  in  the  flow  diagram  Figure  H-24. 
The  equipment  configuration  is  illustrated  in  Drawing  1-2  in  Appendix  I. 
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Parts  will  come  from  the  overhaul  area  via  a  24  in.  powered  roller  conveyor.  The  parts 
will  he  transported  in  tote  boxes  114  in.  long  by  22  in.  wide  by  12  in.  high.  Kach  box  will  carry 
parts  for  a  complete  module.  The  parts  will  be  stacked  and  separated  by  dividers.  Refer  to 
Figure  H-3.  The  bar  coded  plate  described  under  System  I  is  not  required  for  System  II. 

4.11.1  Induction  Area 

At  the  induction  area,  the  modules  will  be  transferred  onto  gravity  roller  conveyors  for 
buffer  storage.  These  conveyors  will  have  capacity  to  store  a  two-day  buffer. 

The  induction  operator  will  release  the  boxes  from  the  buffer  area  as  necessary  in  lirst-in 
first-out  order  at  the  pace  required  by  the  inspection  process.  Upon  release,  a  box  will  be 
automatically  transported  to  a  position  in  front  of  the  receiving  operator  and  stop.  The 
operator  will  remove  each  part  from  the  box,  one  at  a  time,  and  verify  that  the  “zero” 
reference  point  marking  exists.  This  marking  will  be  required  on  all  parts  so  that  the  point 
where  the  inspection  starts  becomes  fixed.  If  the  “zero”  reference  point  is  not  present,  the 
operator  will  remove  the  part  and  load  it  into  a  machine  to  have  it  properly  marked. 

Next,  the  operator  will  read  the  part  number  and  serial  number  on  a  scanner.  If  the  part 
number  and/or  serial  number  are  not  machine  readable,  he  must  reinscribe  the  number.  This 
will  be  accomplished  by  means  of  a  machine  located  at  his  station. 

When  the  part  number  is  read  by  the  scanner,  the  computer  will  recognize:  the  part 
number,  the  module  it  belongs  to  (I,  II,  III  or  IV)  and  the  carrier  number  stationed  in  front  of 
the  operator  ready  to  be  loaded.  The  operator  then  will  load  the  part  on  the  carrier  and  release 
it. 

4.11.2  Inspection  Station 

Upon  recognition  of  the  part  number,  the  control  system  will  direct  the  carrier  through 
all  the  inspection  stations  required  for  the  part.  A  scanner  and  a  switch  will  be  provided  at  the 
entrance  to  each  inspection  station.  The  scanner  will  read  the  carrier  number  and  com¬ 
municate  this  information  to  the  control  system  which  will  either  actuate  the  switch  to  admit 
the  carrier  to  the  inspection  station  or  cause  the  carrier  to  proceed  to  the  next  station.  If  the 
part  is  admitted,  the  control  system  will  communicate  the  part’s  identification  to  the  robot  so 
that  it  will  adjust  as  required  when  unloading  the  part. 

Each  inspection  station  will  be  provided  with  a  spur  to  stage  three  carriers  prior  to  the 
inspection.  If  the  spur  is  full  and  another  carrier  is  assigned  to  it,  the  carrier  will  he 
automatically  recirculated.  Upon  entering  the  inspection  station,  the  carrier  will  proceed  and 
stop  at  the  part  unloading  position.  At  this  location,  a  stabilizing  device  will  be  automatically 
actuated  to  hold  the  carrier  steady.  The  robot  will  adjust  itself  according  to  the  part 
configuration,  advance,  grab  and  remove  the  part  from  the  carrier  and  load  it  onto  the 
inspection  machine. 

The  robot  will  then  retract  its  arm  and  the  inspection  process  will  begin.  Upon 
completion  of  the  inspection  process  the  robot  will  remove  the  part  from  the  machine  and 
place  it  on  the  carrier,  which  will  convey  it  to  the  next  scheduled  inspection  test. 

At  the  ultrasonic  machine,  when  the  inspection  is  completed,  the  robot  will  remove  the 
part  from  the  tank  and  hold  it  to  allow  the  water  to  drip.  The  part  is  then  subjected  to  a 
compressed  air  blowoff  before  it  is  placed  back  on  the  carrier. 
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Some  parts  require  inspection  on  both  sides.  A  rollover  device  will  be  included  at  these 
inspection  stations.  At  the  completion  of  the  lest  on  the  first  side  of  the  part,  the  robot  will 
remove  the  part  and  place  it  in  the  rollover  device.  The  device  will  then  roll  the  part  over.  The 
robot  will  pick  up  the  part  and  place  it  back  in  the  inspection  machine  for  inspection  of  the 
reverse  side.  At  the  completion  of  this  test,  the  part  must  be  once  again  loaded  by  the  robot 
and  turned  over  in  the  rollover  device  prior  to  being  placed  on  the  conveyor  carrier.  The 
carrier  will  be  designed  to  receive  and  carry  the  part  so  that  the  same  side  always  faces  the 
rol)ot. 

4.11.3  Audit  Station 

At  the  completion  of  the  inspection,  all  carriers  will  pass  through  the  audit  scanner  which 
will  communicate  with  the  control  system  which  will  assign  the  carrier  to  a  lane  in  the 
accumulating  conveyor  or  recirculate  it  in  case  an  inspection  was  bypassed.  Each  module  will 
be  assigned  a  separate  lane.  Once  all  the  parts  for  a  module  are  in  the  accumulation  lane,  the 
control  system  will  inquire  from  the  inspector  master  computer  system  whether  any  part  in  the 
inodtde  contains  (laws. 

4.11.4  Rejected  Parts  Station 

Modules  with  parts  containing  flaws  will  be  routed  to  the  unload  station  at  the  reject 

area. 

An  operator  at  the  reject  station  will  unload  the  entire  module  into  a  container,  activate 
the  printer  for  generation  of  a  report  indicating  the  cause  of  rejection.  The  report  will  be 
placed  into  the  container.  An  overhead  hoist  will  be  provided  lo  remove  the  containers  and 
stage  them  for  final  disposition. 

4.11.5  Acceptable  Parts  Station 

Modules  with  acceptable  parts  will  be  routed  to  the  acceptable  parts  unload  station. 

An  operator  will  remove  the  parts  and  load  them  in  storage  containers  suitable  for  the 
storage/retrieval  system  available  at  the  depot  engine  maintenance  center.  The  operator  will 
load  only  one  module  per  storage  container  in  order  to  maintain  the  components  of  each 
module  together.  The  storage  containers  will  then  be  conveyed  to  the  storage  area. 

The  empty  carriers  from  the  reject  or  acceptable  unload  stations  will  be  routed  to  the 
induction  station  or  to  the  empty  carrier  storage  track. 

5.  PILOT  SYSTEM 

5.1  Major  Components  List 

The  parts  handling  subsystem  is  comprised  of  the  following  components: 

2  Gravity  roller  conveyors,  42  in.  wide,  for  storage  of  pallets  with  tote  boxes 
received  from  the  overhaul  operations. 

1  Gravity  roller  conveyor,  42  in.  wide  for  storage  of  empty  pallets. 

20  Mobile  carts  with  caster  wheels  for  handling  tote  boxes  through  the 
inspect  ion  stations. 


I  Single  rail  hoist  with  500  Ih  capacity,  12  ft  span  and  20  ft  runway. 

1  Gravity  roller  conveyor,  36  in.  wide,  to  accumulate  pallets  exiting  the 

RFC  area. 

1  Laser  beam  marking  machine  for  inscribing  “zero  point”  and  part  and 
serial  numbers. 

1  Part  number  scanner  at  the  induction  station. 

1  Drip  stand  and  blowoff  until  for  the  ultrasonic  inspection  station. 

50  Tote  boxes. 

5.2  Government  Furnished  Property  List 

The  pallets  or  other  suitable  containers  to  transport  the  inspected  modules  to  the 
storage/retrieval  system  of  the  repair  facility  will  be  furnished  by  the  depot  repair  facility. 

5.3  Item  Definition 

The  parts  handling  subsystem  will  provide  the  means  to  stage  and  transport  parts 
received  from  the  overhaul  operation  throughout  the  RFC  inspection  process  until  they  are 
placed  back  into  storage  subsequent  to  the  inspection  tests. 

This  system  will  consist  of  gravity  roller  conveyors,  mobile  carts,  hoist  and  containers 
(tote  boxes). 

5.3.1  Item  Diagrams 

Drawing  1-3,  Appendix  I,  provides  a  conceptual  layout  of  the  proposed  parts  handling 
subsystem.  The  sequence  of  parts  processing  is  similar  to  that  shown  on  Figure  H-22,  with  the 
exception  that  mechanized  part  handling  between  stations  is  not  provided.  Figure  H-23 
disp'avs  a  conceptual  transport  container  (tote  box). 

5.3.2  Interface  Definition 

The  interfaces  between  the  inspection  equipment  and  parts  handling  are  manually 
performed,  i.e.,  an  operator  will  manually  handle  the  parts  through  all  the  steps  of  the  process. 

5.4  Performance 

The  parts  handling  subsystem  has  no  specified  throughput  due  to  the  experimental 
nature  of  this  concept. 

Components  of  the  engine  to  be  processed  consist  of  21  disks  or  spacers  grouped  into  4 
modules.  The  components  of  each  module  will  remain  together  throughout  the  transportation 
and  processing  steps. 

The  system  operation  will  be  based  on  7  hours  per  day  and  22  days  per  month  for  a  total 
of  151  hours  per  month. 

Modules  will  he  supplied  to  the  inspection  stations  on  a  first -in.  first -out  basis. 
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This  system  is  configured  on  the  same  basis  as  System  1,  i.e.,  each  eddy  current  or  ' 

ultrasonic  machine  can  perform  all  inspections  for  any  part.  Parts  handling  in  this  system  is 
not  mechanized.  j 

Two  eddy  current  and  one  ultrasonic  inspection  machines  will  he  provided.  This  number  i 

of  machines  was  selected  as  a  proportional  derivative  of  System  I  (1/2).  Although  throughput 
was  not  a  criterion  for  determining  the  number  of  inspection  stations,  this  system  will  have  a 
capacity  approximately  one-third  of  the  capacity  of  System  I. 

5.5  Design  and  Construction  - 

The  system  will  incorporate  standard  and  interchangeable  components. 

5.6  Physical  Characteristics 

There  are  no  special  limitations  that  apply  to  the  part  handling  system.  ^ 

5.7  Major  Components  Characteristics 

5.7.1  Parts  handling  system  consists  of  the  following: 

1.  Gravity  roller  conveyors  for  accumulation  prior  to  induction  station.  The  conveyor  will  be 
designed  to  maintain  the  pallet  flow  through  the  conveyor  without  excessive  acceleration 
but  with  assurance  of  movement. 

2.  Gravity  roller  conveyor  for  accumulation  of  empty  pallets. 

3.  Mobile  cart  with  four  wheel  casters  for  handling  tote  boxes  through  the  inspection 
stations.  The  cart  table  top  will  be  of  sufficient  size  to  accommodate  one  tote  box  and  will 
be  24  inch  high. 

4.  Single  girder  monorail  hoist  1  i -ton  capacity,  motorized,  12  ft  span,  underhung,  pendant 
floor  operated,  with  20  ft  long  runway. 

5.  Gravity  roller  conveyor  for  accumulation  of  pallets  with  inspected  modules  that  are  to  be 
transferred  to  the  storage/retrieval  system. 

5.7.2  High  speed  laser  beam  engraving  machine  for  inscribing  the  marking  of  the  “zero  point” 

on  the  surf’ace(s)  of  the  parts.  The  machine  will  also  be  used  to  inscribe  (he  part  number  and  . 

seriiil  number  if  these  are  not  present  or  not  suitable  for  machine  reading. 

The  machine  will  be  provided  with  a  fixture  to  properly  secure  and  position  the  part  to 
be  marked.  The  markings  will  be  engraved  on  annuli  surfaces. 

All  alpha-numeric  characters  will  be  provided  and  in  sizes  suitable  to  the  surface  of  the  I 

part  which  will  be  designated  for  the  engraving. 

The  machine  will  he  provided  with  a  CRT  for  a  data  input  and  a  microprocessor  to 
automatically  control  the  functions  of  the  engraving. 

5.7.3  I’art  number  scanner  capable  of  reading  alpha  numeric  characters  inscribed  on  the 
disks  or  spacers.  Information  read  will  be  transmitted  to  the  inspection  master  computer 
system. 


24  ft 


5.7.4  Drip  stand  lor  ultrasonic  inspection  station.  Stand  will  he  built  ol  corrosion -proof 
material  and  he  of  sufficient  height  to  allow  the  dripping  to  How  back  to  the  tank.  The  stand 
will  be  supplied  with  a  compressed  air  blowoff  gun. 

5.7.5  Tote  boxes  34  inch  long,  22  inch  wide  and  12  inch  high  for  transport  of  modules 
throughout  the  system.  The  boxes  will  have  dividers  for  separation  of  parts.  The  boxes  will  he 
made  of  high  impact  plastic  or  fiberglass.  The  bottom  of  the  boxes  will  be  flat  and  suitable  for 
transportation  by  roller  conveyor. 

5.8  Summary  of  Operation 

The  sequence  of  operations  is  similar  to  that  of  System  I  as  shown  in  flow  diagram  Figure 
H-22.  The  equipment  configuration  and  flow  of  parts  is  shown  in  Drawing  1-3. 

Parts  will  come  from  the  overhaul  area  in  tote  boxes  on  pallets  transported  by  fork  truck. 
The  tote  boxes  will  be  similar  to  those  described  for  System  I.  Refer  to  Figure  H-23.  The 
pallets  will  be  unloaded  on  gravity  roller  storage  conveyors. 

An  operator  at  the  induction  station  will  remove  each  part  from  the  tote  box,  one  at  a 
time,  and  verify  that  the  “zero”  reference  point  exists.  If  this  marking  is  not  present,  the 
operator  will  load  the  part  into  an  engraving  machine  to  have  it  properly  marked. 

Next,  the  operator  will  read  the  part  number  and  serial  number  with  an  instrument 
similar  to  the  reader  located  at  each  inspection  station,  to  insure  readability.  If  the  part 
number  and/or  serial  number  are  not  machine  readable,  he  must  re-inscribe  the  number.  This 
will  be  accomplished  by  means  of  a  machine  located  at  this  location. 

When  the  identification  task  is  completed  the  operator  will  load  the  parts  into  a  tote  box 
on  a  mobile  cart.  Parts  will  be  placed  into  the  tote  box  retaining  the  module  separation  that 
was  established  in  the  FPI  area.  The  carts  will  be  staged  in  an  area  adjacent  to  the  inspection 
stations. 

The  carts  will  he  moved  to  the  inspection  station  as  required.  The  inspection  operations 
will  be  similar  to  those  described  for  System  I. 

Once  all  the  inspections  are  complete  for  a  module,  the  cart  will  be  moved  to  the  auditing 
station. 

At  the  auditing  station  an  operator  will  inspect  the  reports  from  the  inspection  station. 
Modules  containing  parts  with  flaws  will  be  moved  to  the  reject  storage  area  and  staged  for 
final  disposition. 

Parts  of  modules  without  flaws  will  be  transferred  to  a  storage  container  and  staged  for 
transport  to  the  storage/retrieval  system. 

6.  QUALITY  ASSURANCE  PROVISIONS 

The  responsibility  for  performing  all  required  test  s/verifications  rests  with  the  supplier. 
The  ll.S.  Ciovernment  reserves  the  right,  to  witness  or  separately  perform  all  tests  required. 
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FACILITY  LAYOUT  AND  SPACE  REQUIREMENTS 


1.  SCOPE 

The  layout  and  space  requirements  were  based  on  the  following  considerations: 

•  Number  of  inspection  machines 

•  Inspection  machine  grouping 

•  Method  of  parts  transport 

•  Storage  and  transport  buffers 

•  Office  areas 

•  Aisles  and  circulation  areas. 

It  was  assumed  that  facility  constructions  will  he  similar  to  that  of  the  existing 
maintenance  facilities  and  will  provide  a  clear  height  of  18  feet. 

The  layouts  for  the  facility  for  parts  inspection  and  handling  systems  were  configured 
under  the  following  three  alternatives: 

System  I  which  consists  of  six  eddy  current  and  three  ultrasonic  inspection 
stations  with  manual  part  loading  and  unloading.  The  facility  will  contain  the 
support  facilities  such  as  computer  room,  storage,  offices  and  main¬ 
tenance/spare  parts  storage. 

The  system  capacity  is  to  inspect  21  parts  of  100  engines  per  month  or  21(H) 
parts  per  month. 

System  II  which  consists  of  14  eddy  current  and  four  ultrasonic  inspection 
stations  with  fully  automatic  parts  loading  and  unloading.  The  facility  will 
contain  the  support  facilities  as  described  for  System  1. 

The  system  capacity  is  to  inspect  21  parts  of  200  engines  per  month  or  4200 
parts  per  month. 

Pilot  System  which  consists  of  two  eddy  current  and  one  ultrasonic  inspection 
stations  with  manual  parts  loading  and  unloading.  The  facility  will  have  the 
support  facilities  as  described  for  System  I.  The  system  has  no  specified 
capacity  as  its  primary  function  is  to  serve  as  a  pilot  operation  of  the 
inspection  equipment. 

It  was  assumed  that  the  facility  for  Systems  I  and  II  will  he  adjacent  to  the  existing 
Kelly  AFB  engine  repair  facility,  and  that  all  utilities  and  services  will  be  readily  available  at 
the  boundary  or  nearby  the  proposed  facility.  The  space  for  the  Pilot  System  is  assumed 
available  within  the  existing  repair  facility. 

2.  APPLICABLE  DOCUMENTS 

The  facility  will  be  designed  and  constructed  in  compliance  with  all  applicable  military 
and  federeal  specifications. 


3.  ITEM  DEFINITION 
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Tlic  facility  will  lx-  designed  and  constructed  with  all  the  necessary  services  and  utilities 
and  any  other  features  required  to  adequately  house  the  inspection  and  part  handling 
equipment. 

3.1  Item  Diagrams 

Figures  1-1,  1-2  and  1-3  represent  conceptual  layouts  of  the  proposed  facility  under  the 
three  separate  concepts. 

3.2  Interface  Definition 

The  utilities  required  for  the  facility,  such  as  electric  power,  compressed  air,  water  and 
drainage,  will  he  interfaced  with  the  source  mains  located  in  the  existing  facility. 

The  construction  of  the  new  facility  will  not  cause  disruption  to  the  environment  or 
operational  processes  of  existing  facility  due  to  dust,  noise  or  other  affecting  factors. 

The  facility  structure  framing,  foundation,  roof  and  wall  systems  will  he  interlaced  with 
the  existing  facility  system. 

4.  REQUIREMENTS 

4.1  System  I 

As  explained  in  Appendix  H  the  number  of  inspection  machines  required  for  this  level  of 
throughput  was  determined  to  he: 

<?  Kddy  Current  Inspection  Machines 

3  Ultrasonic  Inspection  Machines 

It  was  also  determined  that  each  eddy  current  machine  would  be  capable  of  performing 
all  eddv  current  inspections  for  all  parts  and  each  ultrasonic  machine  would  be  capable  of 
performing  all  ultrasonic  inpections  for  all  parts.  Therefore,  the  ultrasonic  operations  had  to 
be  located  in  a  position  that  would  enable  them  to  receive  parts  from  any  eddy  current 
machine. 

A  number  of  alternatives,  which  grouped  the  inspection  machines  into  two  or  more 
machines  per  work  center,  were  evaluated.  However,  it  was  determined  that  configuring 
independent  work  stations  for  each  machine  provided  the  most  efficient  layout  in  terms  of 
flexibility  and  redundancy. 

4.1.1  Layout 

The  layout  was  initiated  by  organizing  the  inspection  stations  in  two  rows,  one  for  the 
eddy  current  and  the  other  for  the  ultrasonic  machines. 

The  (low  of  parts  will  be  reversed  at  the  end  of  the  eddy  current  inspection  in  order  to 
provide  a  more  compact  alignment  of  the  equipment. 
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Storage  for  incoming  parts  will  be  provided  in  an  area  ahead  of  the  inspection  stations. 
Storage  for  inspected  parts  will  be  provided  in  the  central  part  of  the  facility  with  access  aisles 
on  Iwdh  sides  for  fork  truck  traffic  to  supply  pallets  or  retrieve  inspected  modules  that  have 
been  rejected. 

The  layout  provides  for  an  eight  foot  aisle  on  the  external  perimeter  for  access  to  the 
equipment. 

Conveyors  transporting  material  to  or  from  the  facility  will  be  elevated  to  avoid 
obstruction  of  the  access  aisles  and  operations  external  to  the  RFC  inspection  process. 

The  facility  layout  for  System  I  is  shown  in  Figure  1-1. 

4.1.2  Space  Requirements 

The  facility  as  proposed  requires  an  approximate  area  of  12,000  ft".  The  space  allocation 
was  determined  by  initially  arranging  the  equipment  in  a  manner  conducive  to  good  material 
flow  and  space  utilization. 

Each  inspection  station  will  contain  the  inspection  scanner,  its  control  cabinet,  a  work 
bench,  and  a  desk  with  CRT.  Ultrasonic  stations  will  have  a  floor  mounted  drip  stand. 
Transport  of  parts  between  stations  will  be  accomplished  by  conveyor. 

Storage  space  was  provided  for  a  three-day  supply  of  parts  in  the  Receiving  (Induction) 


The  outgoing  parts  area  contains  separate  storage  areas  for  acceptable  and  rejected  parts, 
to  ensure  that  the  parts  are  not  mixed.  Since  none  of  the  operations  in  this  area  require  a 
full-time  operator,  this  will  also  enable  the  “banking”  of  parts,  so  that  multiple  operations  may 
be  performed  by  one  person. 


Areas  were  assigned  to  various  functions  as  follows: 


Square  Feet 


Receiving  and  Storage 
Inspection  Stations 
Sorting  and  Storage 
Computer  Room 

Maintenance/Spare  Farts  Storage 
Office  and  Cage  Room 


Aisles  and  Circulation 


4.2  System  II 

The  number  of  inspection  machines  required  for  this  level  of  throughput  was  determined 
to  he: 


14  Eddy  Current  Inspection  Machines 
4  Ultrasonic  Inspection  Machines 

At  this  processing  level,  it  was  determined  that  parts  loading  should  be  automatic  (by 
means  of  industrial  robots)  and  that  inspection  machines  should  be  dedicated  to  a  single 
inspection  operation  wherever  practical. 

A  power  and  free  conveyor  system  will  be  used  to  transport  individual  parts  between 
inspection  stations:  therefore,  a  specific  relationship  among  the  inspection  machines  was  not 
required. 

In  order  to  satisfy  the  redundancy  and  throughput  requirements,  each  station  was 
equipped  with  its  own  robot. 

4.2. 1  Layout 

The  layout  for  System  II  was  initiated  by  organizing  the  inspection  stations  in  three  rows 
of  six  machines  occupying  approximately  one-half  of  the  facility. 

Storage  for  incoming  parts  will  be  provided  ahead  of  the  inspection  and  induction 
stations.  Storage  for  inspected  parts  will  be  provided  on  overhead  conveyor  spurs  in  the  central 
part  of  the  facility.  A  separate  staging  and  storage  area  for  rejected  modules  awaiting 
disposition  will  be  provided  in  one  corner  of  the  facility. 

The  layout  provides  for  an  eight-foot  aisle  on  the  external  perimeter  of  the  facility  for 
access  to  the  equipment  and  to  the  staging  and  storage  areas. 

Roller  conveyors  transporting  material  to  or  from  the  facility  will  be  elevated  to  avoid 
oh  (ruction  of  the  access  aisles  and  operations  external  to  the  RFC  Inspection  process. 

The  facility  layout  for  System  II  is  shown  in  Figure  1-2. 


4.2.2  Space  Requirements 

The  facility  as  proposed  requires  an  approximate  area  of  29,000  ft".  The  space  allocation 
was  determined  by  grouping  the  inspection  equipment  and  ancillary  functions  to  facilitate  the 
path  of  the  conveyor  and  provide  for  good  material  flow  and  space  utilization. 

Each  inspection  station  will  contain  the  inspection  scanner  and  its  control  cabinet;  an 
industrial  robot,  its  control  cabinets,  and  a  fixture  stand;  and  an  instrumentation  table. 
Stations  that  inspect  both  sides  of  parts  will  have  a  part  roll-over  device.  Transport  between 
stations  will  be  accomplished  by  power  and  free  conveyor. 

Storage  space  will  be  provided  for  a  two-day  supply  of  parts  in  the  Receiving  (Induction) 

Area. 


Accumulating  conveyors  will  be  provided  to  store  parts  on  carriers  once  all  inspections 
are  completed.  A  separate  area  is  provided  to  store  rejected  parts  awaiting  disposition. 
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Figure  1-2  RFC  Inspection  Systemjl  Concept  Layout 


Areas  were  assigned  to  the  various  funetinns  as  follows: 


Square  Keel 


Receiving  and  Storage 

4,000 

Inspection  Stations 

12,800 

Sorting  and  Storage 

4,500 

Computer  Room 

800 

Maintenance/Spare  Parts  Storage 

1,200 

Office  and  Gage  Room 

400 

Aisles  and  Circulation 

5,300 

Total 

29, 000 

4.3  Pilot  Operation  Facility 

4.3. 1  Layout 

This  layout  was  established  by  separating  the  three  inspection  stations  and  the  computer 
room  from  the  area  for  receiving,  sorting  and  storage  for  incoming  and  outgoing  modules  by  an 
aisle. 

The  layout  provides  for  an  isolation  of  the  sensitive  computer  and  inspection  station 
equipment  from  the  activities  associated  with  the  material  handling  in  the  receiving  and 
storage  areas. 

The  layout  of  the  proposed  facility  is  shown  in 

Figure  1-3. 

4.3.2  Space  Requirements 

The  facility  as  proposed  requires  an  approximate  area  of  4,600  ft-’.  The  space  allocation 
was  determined  by  arranging  the  equipment  in  a  manner  suitable  for  convenient  material  How 
and  access. 

Areas  were  assigned  to  the  various  functions  as 

follows: 

Receiving  and  Storage 

Square  Feet 

400 

Inspection  Stations 

1,150 

Sorting  and  Storage 

850 

Computer  Room 

450 

Maintenance/Spare  Parts  Storage 

350 

Aisles  and  Circulation 
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5.  DESIGN  AND  CONSTRUCTION 


In  addition  to  all  applicable  standards  and  specifications  that  the  facility  will  conform  l< 
the  following  design  and  construction  characteristics  will  be  provided: 

(1)  Building  walls  and  roof  will  be  compatible  to  that  of  the  existing  facility. 

(2)  Floor  will  be  concrete  with  surface  sealed  to  control  dusting. 

(:t)  Doors  and  windows  will  be  of  material  and  finish  compatible  to  that  of 
the  existing  facility. 

(4)  Building  height  will  be  18  feet  clear  to  the  bottom  of  the  roof  supporting 
structure. 

(f>)  Building  structure  and  foundation  will  be  designed  to  support  the 
hanging  loads  of  the  conveyors  and  utilities  in  addition  to  the  normal 
building  loads. 

((>)  Computer  Boom  will  be  provided  with:  raised  floor;  ceiling  independent 
from  the  building;  temperature  and  humidity  control;  two  levels  of 
lighting,  high  and  medium;  fire  protection  with  an  audible  alarm,  suit¬ 
able  for  the  computer  equipment, 

(7)  Emergency  power  will  be  provided  to  maintain  uninterruptable  power 
supply  (UPS)  for  the  computer  equipment. 

(8)  Cable  travs  will  be  provided  for  power,  utilities  and  communication  lines 
and  drops  for  equipment  connections. 

(9)  I,ow  voltage  power  distribution  system  will  be  provided. 

(10)  Heating  and  ventilation  will  be  provided  for  personnel  comfort  range 
with  filtration  to  control  dust  in  the  environment. 

(11)  Compressed  air  system  with  distribution  to  the  equipment  will  be 
provided  at  normal  plant  operating  pressure. 

(12)  Water  distribution  system  for  the  tanks  of  the  ultrasonic 
inspection  stations  and  floor  drains  will  be  connected  to  existing  sewer 
system. 

(12)  Telephone  and  electrical  receptacles  will  be  installed  at  all  convenient 
locations. 

(14)  Low  level  general  lighting  with  task  lighting  localized  at  each  station 
will  be  provided. 
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APPENDIX  J 


EVALUATION  OF  ADVANCED  NDE  METHODS 
1.  STATEMENT  OF  PROBLEM 

Retirement  for  Cause  (RFC)  is  a  new  approach  to  extending  the  life  of  structural 
components  and  thereby  gaining  the  concomitant  economic  benefits.  Such  a  strategy  depends 
upon  the  ability  to  determine  the  remaining  life  of  individual  components.  Each  part  can  then 
be  deployed  until  this  life  is  expended  rather  than  being  removed  from  service  at  an  earlier 
time,  as  conservatively  determined  by  a  statistical  distribution  of  lifetimes  expected  for  similar 
parts.  The  lifetime  prediction  can  be  made  in  either  of  two  ways.  A  proof  test  methodology  can 
be  established  to  ensure  that  the  part  will  last  for  a  time  interval  greater  than  that  before  the 
next  opportunity  for  proof  test.  Alternatively,  nondestructive  evaluation  (NDE)  methods  can 
be  used  to  determine  the  sizes  of  the  Haws  present,  lifetimes  may  then  be  predicted  from 
appropriate  failure  models,  and  finally  a  decision  can  be  made  as  to  whether  this  life  exceeds 
the  time  before  the  next  opportunity  for  inspection  by  a  suitable  safety  margin. 

In  many  cases,  the  latter  approach  is  favored  for  a  variety  of  reasons,  and  the  overall  cost 
benefits  depend  upon  the  accuracy  with  which  (laws  are  sized  by  the  inspection  technique.  The 
ideal  technique,  which  accepts  all  flaws  less  than  a  predetermined  critical  size  and  rejects  all 
those  greater  than  this  critical  size,  produces  maximum  economic  benefits.  The  benefits 
diminish,  and  can  even  become  negative,  as  the  technique  becomes  less  precise  and  the 
number  of  false  accepts  and  false  rejects  increase.  Thus,  obtaining  quantitative,  nondestructive 
flaw  size  predictions  is  an  important  prerequisite  for  a  successful  RFC  system. 

The  purpose  of  this  report  is  to  provide  an  assessment  of  the  readiness  of  quantitative 
NDE  techniques  for  inclusion  in  the  present  and/or  future  generation  inspection  systems  for 
RFC'.  The  report  is  comprised  of  four  sections.  The  present  section  contains  brief  introductory 
material.  In  Section  2,  the  capabilities  of  the  presently  available  methods  are  estimated.  This 
forms  a  baseline  against  which  the  potential  improvements  of  quantitative  NDE  techniques 
can  be  judged.  In  Section  9,  the  present  status  of  these  quantitative  NDE  techniques  are 
reviewed.  Section  4  concludes  the  report  by  recommending  programs  for  bringing  the  quan¬ 
titative  NDE  techniques  to  a  level  suitable  for  incorporation  into  an  RFC  system.  Therein  it 
is  recognized  that  techniques  can  be  classified  into  three  categories  according  to  the  time 
frame  in  which  they  can  be  applied.  Included  are  discussions  of  techniques  which  have  been 
evaluated  sufficiently  to  be  immediately  incorporated  into  a  system;  techniques  which,  with 
suitable  development,  should  he  ready  in  a  few  years  and  might  be  added  to  a  first  generation 
system  as  modular  add-ons,  and  techniques  to  be  considered  for  incorporation  in  second 
generation  systems.  The  majority  of  the  techniques  are  found  to  fall  in  the  second  category. 

In  anticipation  of  the  generic  need  for  quantitative  NDE,  the  Air  Force,  along  with  the 
Defense  Advanced  Research  Projects  Agency,  established  a  research  program  directed  towards 
developing  a  national  capability  in  this  area  in  1974.  The  major  portion  of  the  data  included 
in  this  report  is  drawn  from  the  results  of  that  work.  Results  from  other  programs  are  also 
incorporated  as  appropriate. 

Before  discussing  specific  techniques,  it  is  necessary  to  review  the  flaw  types  and 
locations  that  need  to  be  inspected.  'Phis  is  particularly  important  for  the  case  of  turbine  rotor 
components,  since  the  geometric  complexities  of  these  parts  can  restrict  applicability  of  certain 
techniques.  Due  to  the  variability  of  shapes  and  dimensions  from  component  to  component 
and  engine  to  engine,  it  is  not  efficient  to  discuss  detection  of  critical  flaws  on  a  part  bv  part 
basis.  Rather,  it  is  more  fruitful  to  consider  a  generic  component,  and  generic  flaw  types  within 
that  component,  as  the  basis  lor  discussion.  To  this  end.  Figure  -I  I  represents  a  composite 
sketch  of  a  typical  FIDO  rotor  component.  Figure  .1-2  shows  generic  flaw  types  that  might  be 
expected  within  that  component.  All  discussion  in  this  report  will  be  given  in  the  context  of 
these  two  figures. 
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Figure  J-l.  Composite  Sketch  of  Typical  FIDO  liotor  Components 

(Not  All  Features  on  All  Farts)  (Figure  from  F&WA) 

2.  ESTIMATION  OF  CAPABILITIES  OF  PRESENT  METHODS 

The  capabilities  of  present  methods  are  limited  by  several  factors,  which  include 
instrumentation,  intended  measurement  procedures,  intended  data  interpretation  procedures, 
and  the  degree  to  which  deviations  from  these  intended  procedures  occur  (i.e.,  reproducibility 
of  operator  and/or  measurement  system).  The  available  instrumentation  defines  a  baseline 
level  of  performance  which  is  degraded  as  the  other  factors  deviate  from  optimum  conditions. 
For  the  case  of  turbine  rotor  components,  a  study  to  p  ■  ertain  the  combined  influence  of  all  of 
I  hose  effects,  as  they  exist  in  field  practice  today,  is  underway  at  Martin-Marietta  under  the 
direction  of  Ward  Kummel.  Unfortunately,  none  of  this  data  is  available  at  the  time  of 
preparation  of  this  report.  Data  doubtless  exists  within  the  proprietary  records  of  the  major 
engine  manufacturers.  Unfortunately,  this  is  not  in  the  public  domain,  and  again  will  not  be 
considered.  Fortunately,  two  major  programs  for  the  eddy  current  inspection  of  boltholes  are 
in  progress,  and  the  data  that  they  have  produced  will  be  used  to  define  the  capability  of  the 
eddy  current  technique.  No  such  programs  using  ultrasonics  are  known  to  the  authors,  and  so 
educated  guesses  will  be  offered  in  that  area.  Other  forms  of  energy  will  not  be  considered 
since  the  majority  of  the  candidate  advanced  techniques  are  either  ultrasonic  or  eddy  current. 


2.1  Eddy  Current  Inspection 


Tho  two  eddy  current  programs  cited  above  are  “Quantitative  Eddy  Current 
NDK/Bolthole  Inspection.”  Contract  K33615-77-C-5218,  performed  by  Adaptronics,  Inc.,  and 
“Cost/Risk  Analysis  for  Disk  Retirement,”  Contract  F33615-78-C-5005,  performed  by  Failure 
Analysis  Associates.  In  neither  case  has  the  final  report  been  issued.  The  data  herein  is  taken 
from  the  second  interim  report  of  the  former  contact  (9/77-12/79)  and  the  second  through 
seventh  interim  reports  (12/78-3/80)  of  the  latter  contract. 

By  way  of  brief  summary,  the  Adaptronics  effort  was  devoted  to  the  development  of  an 
automatic  capability  for  determining  flaw  geometries.  As  a  part  of  that  effort,  an  extensive 
data  base  was  collected  consisting  of  eddy  current  responses  from  both  EDM  notches  and 
in-service  generated  fatigue  cracks  in  TF33  turbine  disks.  The  probe  used  was  a  special 
three-coil  probe  described  below.  The  Failure  Analysis  Associates  effort  is  directed  towards 
verifying  the  basic  technologies  and  methodologies  for  RFC,  rather  than  towards  improving 
the  state  of  the  art  of  eddy  current  technology.  However,  as  a  part  of  their  effort,  five 
independent  sets  of  eddy  current  scans  of  bolt  holes  in  third  stage  turbine  disks  in  the  TF33 
were  made  and  compared  to  replication  and  destructive  measurements  of  t  he  size  of  t  he  actual 
fatigue  cracks  present  in  those  holes.  This  provides  a  major  data  base  for  evaluating  today’s 
capabilities.  The  sensitivity  and  reliability  of  eddy  current  techniques,  as  indicated  by  these 
two  programs,  are  presented  below. 

2.1.1  Adaptronics  Conclusions 

Eddy  current  inspection  of  the  boltholes  was  made  with  a  Nortec  NDT-15  eddy  current 
scope,  a  special  probe  consisting  of  three  coils  connected  electrically  in  series  and  spatially  in 
the  same  circumferential  plane  at  120  deg  intervals,  and  a  Nortec  l’S-2  mechanical  scanner. 
The  scanner  pitch  rate  was  0.025  in.  of  travel  per  revolution,  so  that  one  of  the  three  coils 
would  pass  over  an  axial  flaw  every  0.0083  in.  of  axial  translation.  Coil  diameter  was  0.125  in., 
and  measurements  were  made  at  frequencies  of  100  kHz,  200  kHz  and  2MHz  (electromagnetic 
skin  depths  of  0.068  in.,  0.031  in.,  0.016  in.,  respectively).  The  coils  were  mounted  on  :> 
0.625-in.  dia  probe. 

Experimental  samples  consisted  of  boltholes  in  TF33  turbine  disks.  Two  were  in-service 
disks  containing  fatigue  cracks.  From  a  replication  analysis,  a  relationship  of  G  =  11.12  exp 
(0.031  x)  was  established  where  C  is  the  surface  length  and  x  is  the  maximum  depth  of  the 
crack,  each  measured  in  units  of  10  1  in.  Three  disks  contained  EDM  notches  to  be  used  for 
calibration.  These  bad  a  width  of  0.006  in.,  lengths  ranging  from  0.020  in.  to  0.875  in.,  and 
depths  ranging  from  0.010  to  0.300  in.  Tables  J-i  ,1-2  and  J-3  give  their  individual  dimensions. 

It  was  concluded  from  an  experimental  comparison  that  EDM  notches  and  cracks 
produced  responses  that  were  virtually  identical.  It  was  also  concluded  that  the  response  was 
essentially  independent  of  frequency  in  the  range  selected,  and  hence  500  kHz  was  selected  as 
a  standard  frequency. 

Sensitivity  of  the  system  (including  an  automatic  crack  detector)  was  not  completely 
established.  The  smallest  flaws  reported  were  detected.  For  the  EDM  notches,  this  size  was 
0.020  in.  long  by  0.005  in.  deep.  For  the  fatigue  cracks,  this  was  0.010  in.  long  by  0.010  in.  deep. 
It  can  be  speculated  that  smaller  flaws  could  have  been  detected,  particularly  in  view  ol  the 
fact  the  connecting  three  coils  in  series  reduced  the  sensitivity  of  each  individual  coil. 


TABLE  J-l.  EDM  NOTCH  DIMENSIONS  IN 
CALIBRATION  DISKS  (DATA 
SOURCE:  ADAETRONICS) 


Hvvlunfiular  (Disk  4S5212) 

Length 

Depth 

Hellhole 

(in.) 

(in.) 

1 

0.030 

0.013 

2 

0.030 

0.015 

3 

o.or.i 

0.015 

4 

0.062 

0.015 

5 

0.029 

6 

0.111 

0.036 

7 

0.209 

0.060 

8 

0.303 

0.100 

9 

0.483 

0.127 

10 

0.753 

0.182 

TABLE  .1-2. 

EDM  NOTCH 

DIMENSIONS  IN 

CALIBRATION 

DISKS  (l)AI’A 

SOURCE:  ADAl’TRONICS) 

Svmi-Klliplieal  (l)isk  -tlTylHil) 


Hellhole 


Length 

(in.) 


Depth 

(in.) 


A  statistically  significant  number  of  opportunities  was  not  available  to  establish  a 
probability  of  rejection  vs  flaw  size  curve.  Instead,  a  receiver  operating  characteristic  curve  is 
presented  in  their  report  which  is  a  plot  of  probability  of  false  rejects  vs  the  probability  of 
correct  detection  with  the  threshold  setting  of  the  detector  as  a  parameter.  As  shown  in 
Figures  J-3  and  J-4,  each  of  these  parameters  increases  monotonicallv  as  the  threshold 
decreases,  as  would  be  expected. 

Proper  interpretation  of  these  receiver  operating  characteristics  curves  depends  upon  a 
definition  of  the  probabilities  plotted  along  the  two  axes.  For  the  in-service  disks,  the 
probability  of  detection  was  taken  as  the  number  of  cracks  detected  divided  by  the  total 
number  of  cracks  inspected,  as  determined  from  the  replicas.  For  the  disks  wit  h  KI)M  notches, 
the  same  definition  was  applied  where  the  known  notch  location  replaced  the  replica  results  in 
determining  the  total  number  of  opportunities.  In  each  case,  ihe  probability  of  false  alarm  was 
taken  as  the  number  of  false  alarms  divided  by  a  number  on  the  order  of  24,000,  where  the 
latter  number  is  equal  to  the  product  of  the  number  of  boltholes  per  disk  (10),  the  number  of 
probe  rotations  per  bolthole  (40),  and  the  number  of  possible  responses  per  rotation  (60). 
Thus,  each  of  60  resolvable  angular  orientations  of  the  probe  in  each  rotation  was  viewed  as  an 
opportunity  for  detection.  The  very  low  probability  of  false  alarm  in  any  given  resolution 
element  resulted  from  the  large  number  of  detection  opportunities  in  each  bolthole. 

27  H 


,  Probability  of  Correct  Detection 


Figure  J-ti. 


Receiver  Operating  Character 
Detector  for  EDM  Notches.  (I 


21\ 


PFA,  Probabilil 


Receiver  Operating  Charaet 
(Figure  from  Adaptronics,  i 


280 


Based  on  these  receiver  operating  characteristics,  the  expected  performance  of  the 
Adaptronics  instrument  was  computed  in  the  report.  Consider  10,000  disks,  containing  100,000 
boltholes  of  which  1(H)  are  cracked.  The  report  predicted  that  8!)  cracked  holes  would  be 
correctly  identified,  10  uncracked  holes  would  be  incorrectly  rejected,  and  11  cracked  holes 
would  be  incorrectly  accepted. 

In  evaluating  the  analysis  in  the  Adaptronics  report,  the  authors  disagree  with  these 
numerical  conclusions.  In  particular,  we  feel  that  the  probability  of  false  alarm  per  bolthole, 
rather  than  the  probability  of  false  alarm  per  detection  opportunity,  should  be  used  in  the 
analysis.  Suppose  the  probability  of  false  alarm  per  detection  opportunity,  as  plotted  in 
Figures  J-3  and  J-4,  is  10  r>.  The  probability  of  false  alarm  per  bolthole  is  2,400  times  this 
number  (40  rotations/hole  times  60  possible  responses  per  rotation)  or  2.4%.  If  this  value  is 
inserted  in  the  analysis,  the  conclusion  would  be  that  88  cracked  holes  would  he  correctly 
identified,  12  cracked  holes  would  be  incorrectly  accepted,  and  2,318  uncracked  holes  would  be 
incorrectly  rejected.  As  will  be  seen  in  the  next  section,  this  number  is  not  inconsistent  wit  h 
the  Failure  Analysis  Associates  results. 

It  should  also  be  noted  that  extrapolating  these  results  to  predict  field  performance 
depends  upon  the  assumption  that  the  distribution  of  flaw  sizes  is  the  same  in  the  two  cases. 
It  is  not  likely  that  this  would  be  the  case,  but  evaluation  of  the  numerical  implications  of  the 
differences  is  beyond  the  scope  of  this  report. 

2.1.2  Failure  Analysis  Associates  Conclusions 

In  the  course  of  verifying  the  basic  technologies  and  methodologies  of  RFC,  Failure 
Analysis  Associates  (FAA)  has  assembled  and  analyzed  eddy  current  inspection  data  on  a  large 
set  of  TF33  third-stage  turbine  disk  boltholes.  The  sample  base  consisted  of  a  50-disk 
population,  each  of  which  contained  10  holes,  for  a  total  of  500  holes.  These  were  examined  in 
five  independent  inspections,  using  a  variety  of  frequencies,  instrumentation,  procedures,  and 
personnel. 

Two  field  inspections  were  conducted  at  'Pinker  AFB  using  (iulton  FI)-l(M)  units 
operating  with  a  0.50-in.  dia  coil  at  500  kHz.  The  first  was  performed  by  field  personnel  while 
the  second  was  conducted  by  laboratory  personnel.  Two  additional  laboratory  inspections  were 
conducted  by  Adaptronics,  Inc.  using  Nortec  NDT-15  instrumentation.  These  differed  in 
frequency,  one  being  at  0.5  MHz  and  the  other  at  1.0  MHz.  The  final  inspection  was 
performed  by  the  Reluxtrol  Corporation,  using  a  Reluxtrol  700-29  CREC  eddy  current 
inspection  system.  The  measurement  frequency  was  5  MHz,  coil  diameter  was  0.040  in.,  and 
the  probe  advanced  0.0184  in.  per  revolution.  The  latter  three  tests  were  used  as  the  data  base 
for  most  of  the  analysis  since  the  angular  and  axial  positions  of  the  probe  were  recorded  in 
those  cases,  but  not  in  the  former  two  tests.  This  allowed  a  more  complete  comparison  to  the 
results  of  the  replication  studies. 

All  of  the  boltholes  were  replicated  to  determine  the  surface  length  of  the  cracks.  In  the 
490  boltholes  inspected,  847  cracks  were  found  in  280  holes.  Cracks  ranged  from  less  than 
0.005  in.  in  length  to  0.700  in.  in  length.  Figure  J-5  is  a  histogram  of  the  crack  lengths 
detected. 

Twenty-eight  of  the  boltholes  were  then  destructively  sectioned  to  characterize  56  of  the 
crack  indications.  A  considerable  scatter  in  a  plot  of  depth  (from  destructive  testing)  vs  length 
(from  replication)  was  observed,  as  shown  in  Figure  -1-0,  with  a  crack  aspect  ratio  of  a/c  0.35 
providing  an  approximate  fit.  Whether  this  scatter  represents  error  in  the  measurements  or 
true  scatter  in  the  aspect  ratio  of  the  cracks  cannot  be  fully  known  from  the  data  presented  in 
the  report.  The  report  appears  to  assume  that  it  is  the  true  scatter  in  crack  aspect  ratio  that 
is  being  observed. 
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The  results  of  the  FAA  eddy  current  (‘valuation  arc  summarized  in  Figures  .1-7  to  .1-15. 
Figure  .1-7  presents  Inspection  Reliability  and  False  Call  I Yreen tunes  lor  cracks  greater  than  a 
given  surface  length.  These  results  were  computed  on  the  basis  of  grading  a  call  as  correct  if 
an  indication  was  found  in  the  same  hole  as  a  known  crack,  irregardless  of  any  agreement 
between  the  magnitude  and  location  of  the  indication  and  the  size  and  location  of  the  crack. 
For  all  cracks,  the  reliability  ranged  between  55  and  70%  for  all  five  inspectors,  but  rose  to 
over  90%  for  cracks  greater  in  length  than  0.100  in.  If,  however,  one  requires  that  location 
(angular),  length  (to  within  a  factor  of  2),  and  axial  position  of  the  indication  and  actual  crack 
all  be  in  agreement,  the  results  degrade  to  those  shown  in  Figure  J-8.  Here  reliabilities  drop  as 
low  as  18%  and  false  calls  rise  as  high  as  46%  for  all  cracks. 

The  above  probability  of  detection  results  may  be  somewhat  conservative,  since  they  are 
calculated  on  a  crack  population  basis  (i.e.,  each  crack  is  considered  as  an  opportunity  for 
measurement,  even  if  there  are  several  cracks  per  bolthole).  Higher  probabilities  can  be 
expected  on  a  bolthole  population  basis  since  there  may  be  more  opportunities  to  detect  at 
least  one  of  a  set  of  multiple  cracks.  Figures  J-9  and  J-10  illustrate  this  for  all  cracks  and 
cracks  greater  than  0.040  in.  in  length.  Not  shown  in  this  figure  is  the  false  call  probability. 
This  will  also  rise  on  a  bolthole  population  basis. 

From  the  above  plots,  it  can  be  concluded  that  the  high  resolution  probe  provided  the 
highest  reliability.  Figure  .1-11  presents  more  details  on  its  performance  on  a  1/2  bolthole 
population  basis  as  a  function  of  surface  crack  length  and  location  agreement  criteria. 

The  minimization  of  false  rejects  is  essential  if  the  full  economic  benefits  of  RFC  are  to 
be  realized.  This  requires  that  an  accurate  sizing  of  the  flaw  be  obtained  from  the  nondestruc¬ 
tive  measurement  technique.  Figure  .J-12  illustrates  the  observed  sizing  performance  of  the 
high  resolution  probe.  The  apparent  crack  length  is  determined  from  the  equation 
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where  TURNS  is  defined  as  the  number  of  sequential  turns,  made  by  the  coil,  which  produce 
an  indication  and  AMP  is  the  maximum  amplitude  of  the  indication.  This  empirical  form  was 
derived  by  performing  a  nonlinear  regression  analysis  of  the  real  crack  length  a,  as  determined 
from  replication,  vs  TURNS  and  AMP. 

From  the  scatter  of  the  data  in  Figure  .1-12,  it  is  clear  that  there  was  considerable 
uncertainty  in  the  sizing.  This  was  qualified  by  the  inspection  uncertainty  function  P(a/a). 
Figures  J-ll)  to  ,1-15  present  plots  of  the  cumulative  distribution  of  a,  i.e.,  the  percentage  of  the 
time  that  the  apparent  crack  length  will  be  less  than  the  size  specified  on  the  abscissa,  for 
three  different  crack  range  intervals:  0.001  to  0.010  in.,  0.040  to  0.060  in.,  and  0.100  to  0.700  in., 
respectively.  In  these  ranges,  the  90%  point  is  reached  at  apparent  to  real  crack  length  ratios 
of  9,  2.5,  and  2.5,  respectively. 

This  inspection  uncertainty  can  strongly  influence  the  economic  benefits  of  RFC.  This  is 
illustrated  in  Figure  .1-10  in  which  the  increase  in  economic  gain  per  TFltlt  Itrd  stage  turbine  is 
shown  when  the  inspection  uncertainly  is  reduced  by  taking  the  square  root,  of  the  size  ratio. 
Such  a  reduction  in  sizing  uncertainty  is,  of  course,  one  of  the  major  benefits  of  the 
quantitative  NDK  techniques  to  be  discussed  in  Section  It. 
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Figure  J-9.  Inspection  Reliability  of  Detecting  Alt  Cracks  as  a  Function  of 
the  Various  Agreement  Criteria.  Open  Bars  Are  [or  a  Crack 
Population  Basis  and  Shaded  Bars  Are  for  a  Bolthole  Popula¬ 
tion  Basis.  (Figure  from  Failure  Analysis  Associates) 
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Basis  and  Shaded  Bars  Are  [or  a  Bolthole  Copulation  Basis. 
(Figure  from  Failure  Analysis  Associates) 
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Figure  J-l  i  Cumulative  Frequency  Distribution  of  Apparent  (’rack  Length 
to  Real  Crack  Length  for  High  Resolution  Inspection.  Real 
Crack  Length  Range:  0.040-0.060  in.  (Figure  from  Failure 
Anal  vs  is  Associates) 
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Figure  J-15.  Cumulative  Frequency  Distribution  of  Apparent  Crack  Length 
to  Real  Crack  Length  for  High  Resolution  Inspection.  Real 
Crack  length  Range:  0 .100-0. 200  in.  (Figure  from  Failure 
Ana  lysis  Associates ) 


2. 1.3  Summary  of  Present  Eddy  Current  Capability 

In  summary,  the  sensitivity  of  conventional  eddy  current  is  probably  adequate  to  detect 
cracks  0.005  in.  or  less  in  length.  For  sizes  on  the  order  of  0.040  in.  or  greater,  reliability  of 
detection,  on  a  bolthole  basis,  can  be  on  the  order  of  90%.  This  will  be  accompanied  by  a 
significant  probability  of  false  calls.  However,  for  smaller  flaws,  on  the  order  of  0.005  in.  or 
less,  such  as  may  be  of  interest  in  application  of  RFC  principles  to  such  engines  as  the  F100, 
reliability  of  the  present  eddy  current  technique's  drops  to  50%  or  less.  In  addition,  there  may 
be  a  significant  problem  with  false  rejects,  as  illustrated  by  the  following  discussion. 


Suppose  first  that  one  wishes  to  reject  all  flaws  greater  than  0.005  in.  and  the  instrument 
is  set  up  so  that  rejection  occurs  when  the  apparent  Haw  size  is  greater  than  this  value.  Then 
from  Figure  -I- 10,  approximately  50%  of  real  0.005  in.  Haws  would  have  apparent  size  less  than 
this  value  and  would  be  falsely  accepted.  Fortunately,  as  noted  in  the  FAA  report,  the 
evolution  of  failure  is  such  that,  in  a  given  disk,  there  are  likely  to  be  several  cracks  of 
approximately  the  same  size  since  all  boltholes  have  experienced  virtually  identical  fatigue 
histories.  Consequently,  although  any  particular  crack  would  only  be  rejected  50%  of  the  time, 
the  probability  of  rejecting  at  least  one  w’ould  be  considerably  higher.  Unfortunately,  this  same 
reasoning  refers  to  false  rejects.  Thus,  a  single  0.001  in.  flaw  would  have  an  apparent  size 
greater  than  the  0.005  in.  threshold  15%  of  the  time,  and  if  there  are  several  of  these,  the 
probabilities  are  much  greater.  A  high  false  reject  level  might  ensue.  The  trade-off  between 
false  accepts  and  false  rejects  appears  to  be  quite  difficult. 


It  should  be  emphasized  that  these  comments  are  quite  speculative  since  (a)  they  are 
making  extrapolations  to  quite  small  flaw  sizes  from  data  obtained  on  a  system  designed  to 
detect  larger  flaws,  and  (b)  they  are  not  based  on  a  full  statistical  argument  such  as  is 
contained  in  the  FAA  report  for  the  TF33  disk  with  larger  critical  flaws.  Nevertheless,  they  do 
suggest  that  care  should  be  taken  when  relying  on  the  state  of  the  art  to  detect  crack  sizes  on 
the  order  of  0.005  in.,  and  that  quantitative  NDE  techniques  with  better  sizing  ability  may  be 
essential  if  the  economic  potential  of  RFC  is  to  be  realized  in  materials  having  critical  sizes  in 
this  range. 

2.2  Ultrasonic  Inspection 

As  shown  in  Figure  J-2,  the  great  majority  of  the  generic  flaw  types  are  surface  connected 
due  to  the  low  cycle  fatigue  origin  of  the  failure.  These  are  most  amenable  to  eddy  current 
inspection.  However,  a  few  examples  of  internal  flaws  are  also  given,  including  cracks  in  the 
web  and  inner  bore  of  the  turbine.  Hence,  ultrasonics  will  be  required  and  an  assessment  of 
the  state  of  the  art  of  that  technology  is  appropriate. 

Unfortunately,  no  programs  similar  to  the  above  mentioned  eddy  current  efforts  have 
been  run  for  the  case  of  ultrasonic  inspection  of  turbine  disks.  Consequently,  the  assessment  is 
less  accurate  and  must  be  based  on  extrapolation  from  experiences  in  related  programs. 

A  few  bench  marks  can  quickly  be  established.  The  sensitivity  of  ultrasound  is  certainly 
adequate  to  detect  crack-like  flaws  with  sizes  on  the  order  of  0.005  in.  or  less  if  (a)  the 
attenuation  and  gain  scattering  noise  of  the  material  are  sufficiently  low  that  high  frequencies 
can  be  used,  and  (b)  the  geometry  and  flaw  orientations  are  such  that  a  pulse-echo  or 
pitch-catch  configuration  can  be  defined  which  detects  the  specular  reflection  from  the  crack 
surface.  According  to  the  criteria  that  the  wavelength  should  be  on  the  order  of  the  flaw  size 
for  maximum  sensitivity,  this  implies  the  need  for  frequencies  on  the  order  of  50  MHz  for 
which  the  wavelength  is  approximately  0.004  in.  However,  as  discussed  in  the  next  section,  the 
use  of  considerably  lower  frequencies  may  be  possible. 

The  question  of  reliability  is  somewhat  more  difficult.  It  can  be  speculated  that,  because 
of  the  known  influences  of  crack  closure  stresses  and  crack  orientations  on  state-of-the-art 
ultrasonics,  the  reliability  of  present  day  equipment  will  be  somewhat  less  than  that  lor  eddy 
currents.  Advances  on  the  state  of  the  art  of  ultrasonics  may  bring  greater  improvements  in 
detection  reliability  in  appropriate  application  areas  than  advances  in  eddy  current  technology. 

3.  POTENTIAL  OFFERED  BY  ADVANCED  METHODS  FOR  QUANTITATIVE  NDE 
3.1  Criteria  for  Technique  Selection 

The  low  reliability  that  has  been  observed  with  state-of-the-art  techniques  for  the  small 
crack  sizes  likely  to  be  of  interest  in  rotor  components  of  the  Fl(K)  engine  suggests  that 
substantial  improvements  will  be  needed  if  high  probabilities  of  flaw  detection  are  to 
accompanied  by  acceptably  low  false  reject  rates.  In  particular,  and  as  illustrated  in 
Figure  J-16,  it  appears  quite  advantageous,  and  perhaps  essential,  to  improve  flaw  sizing 
capabilities  so  that  parts  with  detectable  flaws  can  be  returned  to  service  if  the  flaw  is 
sufficiently  small.  The  purpose  of  this  section  is  to  review  those  techniques  which  hold  the 
promise  of  being  able  to  impact  this  problem  area  in  the  near  or  intermediate  term.  Section  4, 
which  follows,  provides  guidelines  for  proposed  programs  that  would  bring  the  technologies  to 
a  sufficient  level  of  development  that  they  then  could  be  incorporated  in  an  automatic  system 
for  RFC  of  turbine  engine  rotor  components. 
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Figure  J-16.  Effect  of  a  Dramatic  Reduction  of  Inspection  Uncertainty  on 
RFC  benefits.  (Figure  from  Failure  Analysis  Associates) 


More  specifically,  the  following  criteria  have  been  adopted  in  screening  techniques  and 
recommending  programs.  First,  only  generic  rotor  components  and  flaw  types  are  considered, 
as  represented  by  the  composite  sketches  in  Figures  J-l  and  J-2.  Specific  critical  flaw  sizes  are 
not  addressed,  since  these  depend  upon  a  number  of  factors  which  have  not  been  fully  defined, 
and/or  are  not  known  to  the  authors  at  this  time,  and  since  these  sizes  will  vary  from  engine 
to  engine  and  component  to  component.  It  is,  however,  recognized  that  relatively  small  flaws 
are  likely  to  be  of  concern  in  components  of  the  FIOO  engine,  which  is  of  high  current  interest, 
and  particular  attention  is  placed  on  the  small  (law  end  of  the  Haw  distribution. 

In  making  the  assessment,  it  is  anticipated  that  an  automatic  NDK  system  for  inspecting 
rotor  components  will  be  constructed  and  tested  at  an  Air  Force  Logistics  Command  Main 
tenance  Depot  in  the  1984-1985  time  frame,  as  it  is  presently  in  a  procurement  process  through 
the  Air  Force  Wright  Aeronautical  Laboratory.  A  technique  could  impact  that  system  in  one  of 
two  ways.  First,  it  could  be  fully  evaluated  at  the  present  and  therefore  be  ready  for  direct 
incorporation  in  the  system.  Second,  it  could  be  sufficiently  well  developed  that  hardware 
modules  could  be  available  in  the  1983-1984  time  frame  for  incorporating  in,  or  testing  in 
parallel  with,  the  automatic  system.  In  the  latter  case,  fi.2  development  programs  should  be 
nearing  completion  for  the  candidate  technique  and  the  initiation  of  7.8  manufacturing 
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technology  programs  should  he  contemplated  in  the  near  future.  In  other  cases,  new  tech 
niques  are  progressing  rapidly,  but  may  not  be  quite  ready  in  that  time  frame.  These  fall  into 
a  third  category  of  techniques  which  may  be  available  for  incorporation  in  a  second  generation 
RFC  system.  They  are  discussed  in  this  report  for  completeness.  The  present  Section  3. 
discusses  the  potential  offered  by  the  candidate  advanced  techniques  and  identifies  remaining 
technical  questions  that  need  to  be  answered  before  they  can  be  used  with  full  confidence. 
Section  4.  then  presents  specific  programs  that  could  be  initiated  to  develop  these  techniques 
to  the  level  required  to  realize  these  potentials. 

Before  turning  to  the  specific  techniques,  it  is  worthwhile  to  briefly  review  the  physical 
reasoning  behind  the  selection  of  particular  forms  of  energy  to  be  used  in  detecting  and 
characterizing  flaws.  Table  J-4  lists  the  four  types  of  flaws  that  are  expected  and  six  candidate 
types  of  interrogating  energy.  Also  included  are  the  authors’  opinion  regarding  the  ap¬ 
plicability  of  the  types  of  energy  to  detecting  and  sizing  the  flaws.  An  entry  of  D  implies  that, 
based  on  the  physical  principles  involved,  the  technique  should  be  of  high  utility  in  detecting 
flaws  of  the  particular  type  indicated.  Entries  of  C  and  A  indicate  a  strong  potential  for 
measuring  length  and  depth,  respectively,  for  surface  cracks  and  for  measuring  the  dimensions 
parallel  to  and  perpendicular  to  the  web  surface,  respectively,  for  internal  cracks.  In  a  number 
of  cases,  lower  case  letters  are  used.  This  indicates  that  the  technique  has  potential,  but  it  is 
deemed  to  be  of  less  immediate  utility  either  because  of  complicating  physical  factors  or  a 
lower  degree  of  development. 

The  Table  indicates  that  eddy  currents  are  quite  effective  for  detecting  surface  flaws,  and 
provide  important  sizing  information.  These  are  discussed  in  greater  detail  in  the  remainder  of 
the  section. 


TABLE  J-4.  CANDIDATE  NDE  TECHNIQUES  FOR  FLAWS 
IN  ROTOR  COMPONENTS 
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Ultrasonics  is  the  preferred  technique  for  detecting  and  sizing  internal  (laws.  Specific 
approaches  will  also  be  discussed  later  in  this  section.  Ultrasonics  can  be  used,  in  principle,  for 
surface  connected  (laws.  However,  the  complex  geometries  of  rotor  components  makes  this 
quite  difficult,  and  it  is  judged  to  be  a  low  priority  approach  for  such  flaws. 


Penetrants  are  unite  useful  in  detecting  surface  cracks.  However,  since  I  liev  provide  only 
one  size  parameter,  since  they  sometimes  experience  reproducibility  problems,  and  since  there 
is  little  effort  being  devoted  to  quantifying  their  output,  they  are  not  discussed  further.  This 
does  not  imply  that  they  should  not  be  incorporated  in  an  RFC  system,  only  that  they  are  not 
judged  to  have  a  high  potential  for  sizing. 

X-rays  have  detection  and  sizing  potential,  but  this  is  practically  limited  by  (1)  the  fact 
that  the  reliability  of  detecting  cracks  (rather  than  volumetric  flaws)  is  low,  and  by  (2)  the 
capabilities  of  available  instrumentation.  A  brief  review  of  some  of  the  more  advanced 
instrumentation  that  is  presently  available,  or  under  development,  is  given. 

Optical  techniques  have  promise  for  detecting  and  measuring  surface  lengths  of  cracks 
where  sufficiently  clean  surfaces  can  be  achieved.  A  program  is  underway  at  the  Rockwell 
International  Science  Center  to  evaluate  this  potential  for  RFC  application,  and  some 
preliminary  results  are  described. 

Thermal  waves  are  a  relatively  untested  form  of  probing  energy  which  can  be  excited  by 
modulated  laser  or  electron  beams  which  periodically  heal  and  cool  a  surface  which  they  strike. 
They  can  be  delected  by  a  variety  of  means,  including  acoustic  waves  radiated  by  the 
expansion  of  the  surface  and  infrared  temperature  monitoring.  Flaws  are  indicated  bv  changes 
in  Ihese  responses  to  the  thermal  excitation.  Thermal  waves  have  many  properties  similar  to 
those  of  eddy  currents,  in  that  they  satisfy  a  diffusion  equation  and  are  excited  and  detected 
at  the  surface.  They  should  ultimately  find  important  applications  in  both  metals  and 
ceramics.  However,  development  is  in  a  fairly  early  stage.  Thermal  waves  clearly  fall  in  the 
third  category  of  techniques  to  be  considered  for  a  second  generation  system. 

3.2  Eddy  Currents 

The  NDE  of  Fl(K)  engine  components,  for  the  purposes  of  RFC,  strongly  points  towards 
eddy  current  (EC)  techniques  for  surface  flaw  inspection.  In  assessing  the  potential  that 
advanced  methods  of  EC  inspection  offer  to  quantitative  NOE,  this  section  will  start  with  a 
brief  technical  review  of  the  EC  method  in  order  to  put  candidate  systems  in  proper 
perspective  with  the  inspection  problems.  Next  we  will  review  in  general:  presently  available 
systems,  systems  under  development,  new  systems  and  analytical  techniques. 

3.2. 1  Review  of  Eddy  Current  Principles 

There  are  basically  two  kinds  of  EC  systems:  the  first,  and  most  widely  employed, 
measures  the  change  in  impedance  of  a  search  coil  due  to  the  presence  of  a  flaw  and  thereby 
infers  something  about  the  flaw.  The  second  method  measures  the  spatial  distribution  of  the 
perturbed  fields  caused  by  the  flaw  and  attempts  to  infer  something  about  the  nature  of  the 
flaw  through  an  inversion  process. 

The  case  of  a  search  coil  terminated  in  a  pair  of  wires  may  be  viewed  as  a  hybrid  lumped 
element  and  distributed  system,  Figure  .1-17.  Here  the  wires  constitute  the  lumped  element 
system  and  the  field  volume  constitutes  the  distributed  system.  At  the  terminal  pair  of  the 
coil,  the  complex  input  circuit  power  I’  is  given  by 

P,„  f  I’-ds  jo:  (Wh  +  W,.:)  t  I’R  (2) 
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and  m  is  the  magnetic  permeability,  <  is  the  dielectric  constant,  a  is  the  electric  conductivity,  H 
is  the  magnetic  field,  E  is  the  electric  field,  ds  is  a  surface  element  and  dv  is  a  volume  element. 


Figure  J-17.  Eddy  Current  Detection  Model 


Here  the  real  part  of  the  input  power  P  corresponds  to  the  time  average  power  dissipation 
whereas  the  imaginary  (reactive)  part  corresponds  to  energy  storage.  The  related  circuit  power 
is  given  by 
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and  the  equivalent  lumped  element  circuit  quantities  are  given  by 
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Within  good  conductors  there  is  virtually  no  displacement  current  so  the  capacitance  is 
negligible. 


The  change  in  L,  AL,  due  to  the  flaw  is  given  bv 
AL  =  liil  H(rAHdv  (6a) 

r  vo  1 

and  similarly  for  R 

AR  =  r  R„- AEdv  (6b) 
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where  H,„  K,,  are  (he  fields  without  flaw  and  AH,  AE  are  the  field  changes  flue  to  the  Haw. 
Here  terms  on  the  order  of  AH  and  AE  have  been  dropped  in  the  respective  integrands.  Note 
that  E  and  H  are  indirectly  related  through  Ampere’s  Law. 


The  key  feature  of  the  above  derivation  is  the  fact  that  the  impedance  change  AZ  is  the 
result  of  an  integration  over  a  volume  and,  further,  that  the  volume  need  be  no  larger  than  the 
extent  of  the  perturbed  fields  near  the  flaw.  In  particular,  the  required  integration  volume  is 
not  directly  dependent  on  the  coil  size.  The  change  in  impedance  strongly  depends  on  the  coil 
size,  however,  since  a  coil  that  is  large  compared  to  the  flaw  region  will  have  weaker  H„  fields 
for  a  given  current  than  a  small  coil.  The  field  perturbation  AH  is  proportional  to  H,,  and  so 
a  weakening  of  H„  by  a  poor  coil  geometry  reduces  AL  by  the  square  of  this  weakening.  Thus, 
the  size  of  a  search  coil  is  expected  to  strongly  influence  the  sensitivity  of  the  system  to  small 
(laws  which  give  rise  to  localized  perturbed  fields. 


The  field  volume  over  which  the  integration  takes  place  is  determined  by  the  diffusion 
spreading  of  the  EC  fields  as  well  as  the  coil  geometry.  (Recall  that  electromagnetic  fields  in 
a  good  conductor  satisfy  the  diffusion  equation.)  If  a  coil  diameter  is  large  compared  to  the 
electromagnetic  skin  depth,  A,  the  transverse  extent  of  the  fields  is  largely  determined  by  Un¬ 
coil  geometry.  A  coil  with  diameter  less  than  <>  has  a  diffusion  controlled  field  profile.  Tin- 
depth  of  the  field  is  approximately  />  in  each  case.  The  ratio  of  flaw  field  volume  to  coil  field 
volume  is  a  measure  of  the  coil  sensitivity,  given  to  a  first  order  approximation  by 
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where  C.  w,  d  are  the  length,  width  and  depth  of  the  flaw  and  where  I)  is  the  diameter  of  the 
circular  coil.  If  the  flaw  is  a  crack,  w^r(),  and  if  the  crack  is  longer  than  the  coil  diameter, 
t*2 ft  -I),  then  the  volume  fraction  is  given  by 
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Clearly,  in  this  case,  the  length  of  the  crack  has  no  effect  on  AZ  as  expected.  The  sensitivity 
is  increased  if  I)  is  decreased  hut  is  eventually  limited  by  diffusion  If  the  crack  depth  is  small 
then  a  must  be  decreased  (increase  in  frequency)  as  well  as  I)  in  order  to  keep  V  sensitive  to 
changes  in  d. 


Using  this  simple  picture  it  is  possible  to  characterize  an  EC  system  as  operating  in  one 
of  tour  conditions.  Table  .1-5.  In  interpreting  the  table,  one  should  consider  the  dimensions  of 
the  flaw  to  be  detected  as  fixed.  One  can  select  a  frequency  such  that  the  diffusion  volume,  ft'1, 
is  less  than  or  comparable  to  this  volume.  Similarly,  one  can  design  the  probe  to  have  a  field 
volume  comparable  to,  or  greater  than,  the  flaw  volume.  The  general  characteristics  of  the  four 
possible  combinations  of  these  conditions  are  indicated  in  the  table.  It  is  of  interest  to  note 
that  the  greatest  sensitivity  to  Haw  dimensions  occurs  when  all  three  volumes  are  comparable. 
Unfortunately,  this  may  imply  a  very  small  coil  size,  and  coil  arrays  or  other  instrumentation 
advances  may  be  required  to  achieve  adequate  scanning  speeds. 

TABLE  J-5.  PROBE-FLAW  CATEGORIES 
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3.2.2  Discussion  of  Presently  Available  Systems 

In  the  work  discussed  in  Section  2,  most  probes  were  large  and  the  frequencies  low 
resulting  in  condition  III.  The  Reluxtrol  probe  operating  at  5  MHz  (A— 0.01  in.)  with  0.040- in. 
coil  diameter  was  almost  a  “small  probe"  and  was  in  condition  11  or  IV  depending  on  the  crack 
size.  This  instrument  was  most  reliable  for  cracks  longer  than  0.040  in.,  condition  IV,  and  was 
less  accurate  in  condition  II  when  the  flaw  sizes  become  of  the  order  <>. 

For  the  NDE  of  F100  engine  components  where  0.005-in.  (laws  may  need  to  be  detected 
reliably,  a  coil  system  in  condition  IV  would  be  desirable  implying  a  0.005-0. 010-in. -dia  field  at 
20  MHz.  Having  the  proper  coil  is  only  part  of  the  requirements;  adequate  instrumentation 
with  signal  processing  will  also  be  required. 


Some  of  the  older  systems  in  current  use,  such  as  those  discussed  in  Section  employ 
coil  sizes  or  coil  geometries  that  were  not  intended  for  use  with  such  small  flaw  size-. 
Consequently,  a  greater  uncertainty  in  Haw  sizing  is  to  be  expected  in  these  cases. 


3.2.3  New  Approaches  Based  on  Measurements  of  Probe  Impedance  Change 

Recent  research  has  been  directed  towards  seeking  means  to  decrease  coil  size  and/or  skin 
depth  and  thereby  enter  the  more  favorable  regimes  of  operation.  Research  activities  at 
Stanford  University  and  SRI  International  have  demonstrated  tin-  utility  of  microwave 
approaches  in  this  regard.  Recently  initiated  f>.2  development  programs  are  pursuing  these 
concepts  further.  The  programs  are  in  too  early  a  stage  to  have  produced  results  which  are 
reportable  here. 


()|  these  approaches,  the  YIC  resonant  sphere  appears  to  hold  particular  promise  tor 
lurhinc  component  NI>E  since  it  consists  of  a  compact  structure.  In  particular,  the  YIC 
resonant  sphere  prohe  operates  at  Kill/  where  the  skin  depth  is  only  a  lew  microns  In  FI(M) 
component  alloys.  It  can  have  sizes  on  the  order  of  0.010  in.,  which  is  nearly  ideal  based  on  the 
above  analysis.  A  full  assessment  of  this  system  cannot  be  made  at  this  time  because  the 
aforementioned  development  program  is  still  in  progress.  The  early  research  has  established 
that  large  impedance  changes  are  produced  when  such  a  probe  interrogates  a  crack.  A  major 
question  that  remains  regards  the  sensitivity  of  bridge  circuitry  at  these  high  frequencies.  One 
would  expect  bridge  performance  to  be  poorer,  and  it  must  be  established  that  this  does  not 
offset  the  increased  impedance  changes,  "'asks  in  the  DARRA/AFMK  Interdisciplinary  Pro¬ 
gram  for  Quantitative  NDE,  as  well  as  the  above  mentioned  development  program,  should 
provide  substantive  answers  by  the  end  of  FY81. 

One  danger  exists  in  operating  an  KC  system  at  such  high  frequencies.  The  skin  depth 
can  become  so  small  that  only  surface  breaking  cracks  are  detected.  This  presents  a  potential 
problem  in  two  distinct  cases.  First,  metal  smearing  of  only  .r>  m  will  significantly  obscure  tin 
true  nature  of  a  flaw  at  I  OH/..  Moreover,  such  effects  as  metal  smearing  and  oxides  in  the 
crack,  which  affect  microwave  eddy  currents,  can  cause  the  measurement  to  indicate  that  the 
crack  is  really  much  smaller  than  its  true  size.  The  importance  of  these  effects  depends 
critically  upon  the  condition  of  the  inner  hole  surface  at  the  time  of  inspection.  Since  the  same 
problems  cause  difficulties  for  penetrant  inspections,  it  is  possible  that  surface  etching  or 
cleaning  steps  will  he  implemented  which  will  eliminate  this  difficulty.  The  second  case 
regards  subsurface  Haws.  For  example,  some  of  the  low  frequency  measurements  reported  in 
Section  2  were  able  to  detect  near  subsurface  flaws  which  were  subsequently  confirmed  by 
destructive  tests.  These  are  important  precursors  to  surface  breaking  cracks,  and,  depending 
on  the  details  of  the  RFC'  strategy,  their  detection  may  be  crucial.  They  would  have  gone 
undetected  if  only  a  microwave  frequency  technique  had  been  used.  Consequently,  the  use  of 
multiple  frequencies,  or  a  frequency  agile  system,  may  be  needed  to  achieve  high  sensitivity  to 
small  surface  breaking  cracks  as  well  as  adequate  sensitivity  to  near-surface  cracks. 

Another  new  approach  to  the  interpretation  of  eddy  current  signals  obtained  with  a  single 
probe  system  has  been  proposed  by  Auld  of  Stanford.  In  considering  the  regime  a//V  •  I  (a 
is  l  lie  flaw  radius)  and  coil  size  flaw  size  (implied  by  the  uniform  interrogating  current 

assumed  m  his  analysis),  Auld  develops  an  absolute  relationship  between  the  stress  intensity 
factor  ol  a  flaw  and  the  change  in  impedance  of  a  coil.  This  follows  in  direct  analogy  to  similar 
relationships  that  were  previously  demonstrated  for  the  case  of  ultrasonics  which  are  discussed 
in  the  next  section.  This  result  may  have  important  implication  in  flaw  sizing,  and  hence  in 
reducing  state-of-the-art  accept/reject  errors  discussed  in  Section  I.  However,  the  assumptions 
used  in  the  analysis  place  the  technique  in  category  111  of  Table  .J-a,  and  sensitivity  problems 
may  be  encountered  in  practical  applications. 

3.2.4  New  Eddy  Current  Systems  Based  on  Field  Mapping 

New  approaches  to  KC  flaw  characterization  have  been  under  development  at  Northrop 
under  corporate  IR&I)  and  AFMI.  funding.  Based  on  some  of  the  ideas  presented  in  Section 
1,  small  coils  tightly  coupled  to  the  metal  surface  have  exhibited  8  to  10%  impedance  changes 
while  detecting  fatigue  cracks.  When  such  large  changes  occur,  bridge  circuits  may  not  he 
required. 

Arrays  of  small  coils  have  also  been  demonstrated.  These  mav  make  it  possible  to 
combine  the  sensitivity  ot  small  probes  with  the  high  scan  rates  required  in  practice.  They  ma> 
also  he  configured  in  a  way  to  provide  more  accurate  sizing  information.  In  till'  AFMI,  ITC. 
program.  "Improved  how  Frequency  Eddy  Current  Inspection  for  Cracks  Cnder  Installed 
Fasteners."  a  new  approach  to  EC  detection  employs  an  arrav  of  sensor  coils  to  measure  the 
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spatial  pattern  of  the  EC  fields  and  to  detect  variations  in  the  field  profile  due  to  second 
surface  cracks.  The  system  can  detect  field  variations  as  low  as  10  ppm.  One-tenth  inch  cracks 
in  the  second  layer  (beneath  1/4  in.  or  more  of  aluminum)  produce  changes  in  the  100  ppm 
range  and  are  easily  detected.  To  avoid  the  lift-off  problem,  the  system  uses  electronic  rather 
than  mechanical  scanning. 

Another  new  approach,  called  the  electric  current  perturbation  technique,  has  been  under 
development  at  Southwest  Research  Institute.  In  this  case,  the  technique  has  been  applied  to 
the  problem  of  detecting  fatigue  cracks  in  TF33  turbine  disks.  Isolated  cracks  as  small  as 
0.012-in.  long  and  0.005-in.  deep  have  been  detected,  as  have  distributions  of  smaller  cracks.1 
The  technique  consists  of  injecting  a  current  into  the  part  under  inspection,  either  by  direct 
ohmic  contact  or  inductively  via  an  adjacent  coil  driven  by  a  time  varying  current.  The 
presence  of  a  crack  interrupts  the  flow  of  current  in  the  part  surface  and  the  magnetic  flux 
which  “leaks”  out  of  the  part  can  be  detected  by  a  suitable  sensor  based  on  inductive  or  solid 
state  principles.  From  this  point  of  view,  the  technique  can  be  considered  as  an  extension  of 
magnetic  flux  leakage  principles  to  nonmagnetic  materials. 

However,  the  technique  can  be  equally  well  thought  of  as  an  advanced  eddy  current 
technique.  As  noted  in  subsection  1,  there  are  two  kinds  of  eddy  current  systems:  those 
measuring  the  changes  in  impedance  of  a  search  coil,  and  those  measuring  the  spatial 
distribution  of  the  field  perturbation  caused  by  the  flaw.  The  electric  current  perturbation 
technique  is  an  example  of  the  latter  which  appears  to  have  considerable  promise  for  RFC 
applications. 

3.2.5  Analytical  Techniques  for  System  Design  and  Evaluation 

In  the  development  and  application  of  EC  systems  to  the  RFC  problem,  it  will  be 
necessary  to  develop  adequate  mathematical  tools  for  predicting  system  performance.  This  will 
be  useful  in  both  system  design,  where  such  questions  as  “how  large  should  the  coil  be?”  must 
be  answered,  and  in  estimating  the  reliability  of  detection  for  the  particular  configuration 
selected. 

At  the  present  time,  a  coordinated  effort  involving  Stanford  Research  Institute,  Stanford 
University,  and  Ceneral  Electric,  is  moving  towards  such  a  capability.  By  way  of  a  brief  (and 
oversimplified)  summary,  the  effects  of  flaws  on  probe  impedances  are  being  analytically 
studied  at  Stanford  (with  field  strength  as  a  parameter).  'This  field  strength  is  being  calculated 
at  (leneral  Electric  using  finite  element  techniques,  and  the  ability  of  bridge  circuits  to  detect 
the  resulting  coil  impedance  changes  are  being  modeled  at  Stanford  Research  Institute.  It  is 
anticipated  that  numerical  results  for  the  case  of  a  half-penney  shaped  crack,  detected  bv  a 
circular  coil,  will  be  presented  at  the  1981  Review  of  Quantitative  NDE  to  be  held  in  Boulder, 
Colorado  on  August  2-7. 

In  this  present  approach,  the  finite  element  analysis  of  the  coil  in  a  (law  free  region  of  the 
material  is  combined  with  perturbation  analysis  of  the  flaw  induced  changes  in  these  fields  to 
predict  absolute  impedance  changes  when  the  coil  size  is  large  with  respect,  to  the  flaw.  Thus 
the  finite  element  calculation  need  only  be  done  once  to  establish  the  fields  of  the  coil  and 
then  the  flaw  can  be  treated  analytically.  Unfortunately,  some  of  the  assumptions  in  the 
analysis  break  down  when  the  coil  siz.e  becomes  comparable  to  the  Haw  size,  and  the  accuracy 
of  the  predictions  is  not  known.  A  purely  numerical  technique  could  be  applied  to  the  case  of 
tightly  coupled  coils,  where  large  impedance  changes  are  observed,  in  order  to  predict  the  coil 
performance  more  accurately  in  this  practically  important  regime.  'Phis  would  be  more 
expensive  than  the  present  approach  since  a  new  numerical  calculation  would  have  to  be 
performed  for  each  new  (law  type  studied  since  the  perturbation  condition  is  violated. 
However,  it  should  be  noted  that  recent  results  obtained  at  Iowa  State  University  using  the 
finite  difference  techniques  show  considerable  progress  in  this  regard. 


3.3  Ultrasonics 


3.3.1  Fundamentals  of  Detectability 

A  variety  of  ultrasonic  techniques  are  being  developed  which  could  potentially  be  applied 
to  the  problem  of  sizing  internal  cracks.  These  can  be  characterized  in  terms  of  the  ratios  of 
wavelength  A  to  flaw  size  a  as  required  for  their  successful  application,  and  range  from  long 
wavelength  scattering  techniques,  A/a<<l,  to  imaging  techniques,  A/a>>l.  The  particular 
members  of  this  group  which  can  be  applied  in  a  given  application  depend  upon  the  flaw  size, 
the  material  attenuation  and  grain  noise,  and  the  proximity  of  the  flaw  to  the  material  surface. 
These  factors,  which  limit  the  choice  of  ultrasonic  frequency  and  wavelength,  are  discussed  in 
greater  detail  below. 


To  first  order,  the  signal-to-noise  ratio  of  an  ultrasonic  measurement  can  be  written  as 


S/N  = 


N|,+  N,.+N„ 


where  A(0  is  the  (law  scattering  amplitude,  o(f)  is  (lie  material  attenuation  in  nepers/unit 
length.  V  is  the  distance  from  the  transducer  to  the  flaw,  and  N|„  N,.  and  N,,  are  noises 
associated  with  scattering  from  nearby  part  surfaces  and  electronic  and  grain  boundary 
scattering  noises,  respectively.  At  low  frequencies,  A(l')oc fJa  1  where  f  is  the  frequency  and  a  is 
the  flaw  radius.  At  high  frequencies,  A(f)  approaches  a  constant.  N,.  is  also  a  constant  for  all 
frequencies  when  measurements  are  made  with  a  fixed  bandwidth.  In  most  metals,  cr(f)  and  N,, 
are  both  dominated  by  grain  scattering.  When  ultrasonic  frequencies  are  sufficiently  low  that 
the  wavelength  is  large  with  respect  to  the  grain  size,  <r(f)ocf'  and  N,.  of2.  N|,  depends  upon  the 
details  of  the  transducer  temporal  response.  A  first  estimate  suggests  that  it  would  vary  as  the 
function  e  kl/l,  where  k  is  a  transducer  parameter. 


From  these  factors,  the  composite  sketch  of  signal-to-noise  ratio  shown  in  Figure  -I- IS  can 
be  reached.  At  both  low  and  high  frequencies,  values  of  less  than  1  are  expected  with  a  peak, 
which  may  or  may  not  exceed  1  (depending  on  the  material)  occurring  at  an  intermediate  value 
of  ka.  For  definiteness,  we  have  shown  this  peak  to  occur  at  ka=l,  although  this  will  vary 
depending  on  the  specific  numerical  values  of  the  model  parameters  corresponding  to  a 
particular  physical  situation. 


Preliminary  data,  supplied  by  .Jim  Doherty  of  Prat  t  &  Whit  ney  Aircraft  for  IN100,  shows 
that  a  signal  equal  to  .r>()%  of  that  from  a  No.  I  hole  can  be  delected  at  10  MHz  with  a 
signal-to-noise  ratio  of  2.  This  corresponds  to  ka  of  1.2  where  2a  -  0.008  in.  If  the  frequency 
is  doubled,  N..  should  increase  by  4  and  the  signal-to-noise  should  drop  below  unity.  Thus, 
little  or  no  information  should  be  available  above  20  MHz,  or  ka  2.  The  low  frequency  side 
will  also  be  limited,  with  the  lower  limit  depending  upon  the  relative  values  of  electronic  and 
grain  noise.  More  precise  statements  must  aw-iit  a  complete  analysis  of  the  experimental  and 
material  system.  It  seems  likely,  however,  that  it  will  be  necessary  to  use  wavelengths  long,  or 
comparable  to,  the  flaw  size  for  detection  and  characterization. 


Relative  Amplitude 


(a)  Frequency  Dependency  of  Individual  Factors  Affecting 

Signal-to-Noise  Ratio 

(b)  Signal-to-Noise  Ratio  in  a  Hypothetical  Case. 

(Quantitative  Result,  but  not  Form,  Dependent  upon 
Choice  of  Material  Parameters) 


Figure  J-18.  Schematic  View  of  Measurement  Windows  for  Inversion 
(a)  Frequency  Dependency  of  Individual  Factors  Affecting 
Signal-to-Noise  Ratio  (h)  Signal-to-Noise  Ratio  in  a 
Hypothetical  Case.  (Quantitative  Result,  but  Not  Form,  De¬ 
pendent  Upon  Choice  of  Material  Parameters) 
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3.3.2  Long  Wavelength  Scattering 

The  long  wavelength  scattering  regime  occurs  when  ka<<l,  i.e.,  the  wavelength  is  large 
with  respect  to  the  flaw  size.  If  one  performs  a  spectral  analysis  of  a  pitch-catch  or  pulse-echo 
signal  containing  frequency  components  in  this  regime,  then  a  Taylor  series  expansion  of  the 
normalized  signal  amplitude  A  (i.e.,  the  scattered  signal  divided  by  the  incident  signal)  takes 
the  form 

A(u>)  =  A**)-  +  A.iu)'1  +  A|to*  +  ...  (10) 

The  leading  term  of  this  expression,  A_.ur,  is  the  Rayleigh  scattering  term.  Determination  of  its 
coefficient,  A_>,  at  appropriate  orientations  has  been  shown  to  allow  a  direct  determination  of 
the  stress  intensity  factor  for  elliptical  cracks.  The  technique  therefore  appears  well  suited  to 
the  evaluation  of  internal  cracks  in  the  weh  and  bore  region. 


More  specifically,  Budiansky  and  Rice  (Ref.  .'))  have  shown  that,  for  an  elliptical  crack,  Aj 
is  given  by  the  expression 


A  ^  4'8v;/|  ~)7  <k|)'»“»"  Xe'n<  (  Wkqk+-n,e,  [f-£  -(nkqk)  '  ]) 

+  e,qj  (niq,nkeu)  +  (ri;)[  <niqi,i+Tir]  •  l") 

where  Yj  is  the  longitudinal  wave  velocity,  r  is  Poisson’s  ratio,  r  is  the  distance  from  the  flaw 

to  the  receiving  transducer,  (kflmax  is  the  value  of  the  reduced  stress  intensity  factor  at  the 
point  on  the  flaw  circumference  at  which  it  assumes  its  maxima,  q  is  a  unit  vector  in  the 
direction  of  the  incident  wave,  e  is  a  unit  vector  perpendicular  to  the  crack  face.  'Phis  result  is 
exact  lor  circular  cracks  with  r  ().  However,  it  is  an  excellent  approximation  for  a  wide  range 
of  parameters,  with  errors  of  only  about  10%  for  very  elongated  elliptical  cracks  with  axis 
ratios  of  0.06  and  for  values  of  r-  I/O  or  higher.  The  form  of  Eq.  (II)  shows  that  the  maximum 
reduced  stress  intensity  factor  (k| ),„.„,  can  be  directly  determined  from  a  measurement  of  A,. 
This,  of  course,  requires  an  absolute  determination  of  the  scattering  amplitude.  Fortunately, 
however,  A  •  varies  as  (k|)m.lv,‘.  This  means  that  an  error  of  a  factor  of  2  in  determining  A-_.  (6 

dll  error  in  the  absolute  scattering  measurement)  will  only  produce  an  error  of  12%  in  (he 

predicted  value  for  (k|)„,.,,.  This  high  leverage  of  the  measurement  on  a  key  fracture  critical 
parameter  of  a  flaw  is  one  of  the  most  .att  ractive  features  of  I  he  long  wavelengt  h  approach. 

This  result  is  not  only  useful  for  measuring  stress  intensity  factors,  it  also  provides  a 
basis  for  predicting  the  orientational  dependence  of  scattering  from  cracks  at  long 
wavelengths.  The  complicated  function  in  brackets  in  Eq.  (11)  simply  describes  the  de¬ 
pendence  of  the  signal  on  the  angles  of  the  transmitter,  q,  and  the  receiver,  e,  with  respect  to 
the  flaw  normal.  This  simplifies  to  simple  trigonometric  functions  for  any  specific  experimen¬ 
tal  configuration.  Consider,  for  example,  the  case  illustrated  in  Figure  J-19,  which  models  the 
web  region.  For  simplicity,  we  will  assume  that  both  the  transmitter  and  receiver  are  placed  in 
the  X.  Z  plane,  which  contains  the  direction  of  applied  stress  and  hence  the  anticipated  normal 
to  the  crack  face.  Then  the  angular  dependence,  in  brackets  in  Eq.  (11)  becomes 

=  2  cos </>  cost)  cos (()+</>)  +  (cos "</>)  f-j— ^ —  (cosf/)  1 
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Figure  J-19.  Coordinate  System  Rudiansy  and  Rice  Prediction  of  Long 
Wavelength  Ultrasonic  Scattering  from  Crack  in  Plate 


From  the  form  of  this  function,  we  can  see  that  it  has  a  maximum  value  when  0=0=0.  For 
the  case  of  v=  1/3,  it  has  the  value  9.33.  This  is  the  case  of  backscattering  from  the  face  of  the 
crack,  which  is  physically  unrealizable  in  the  plate  geometry  shown  in  Figure  J-19.  When 
0  - 1/>  43  deg,  the  signal  amplitude  is  reduced  to  4.73.  Thus,  in  t  his  43  deg  longitudinal  wave 
pitch-catch  configuration,  the  signal  is  reduced  to  lidll  below  the  maximum  pulse-echo  signal 
at  normal  incidence.  When  t)  90  deg  and  </>  -90  deg,  the  amplitude  is  1.67.  Thus,  this  edge  view 
pulse-echo  signal  is  reduced  to  a  value  l3dB  below  the  broadside  pulse-echo  signal  of  the  flaw. 
This  corresponds  to  the  signal  that  would  be  obtained  with  a  longitudinal  probe  aimed  normal 
to  the  surface  in  Figure  -1-19.  Figure  .1-20  presents  the  details  of  the  angular  variation  of  the 
pulse-echo  signal.  When  assessing  these  values  it  must  be  recalled  that  there  is  an  additional 
loss,  on  the  order  of  5dB,  entailed  in  operating  at  long  wavelengths  (see  A(f)  in  Figure  J- 18). 
Thus,  the  total  loss  for  edge  detection  of  a  crack  at  long  wavelength  (ka  —0.5)  is  on  the  order 
of  20dB.  Referring  to  the  signal-to-noise  ratio  of  2<6dB)  cited  in  Section  3.3.1  for  detecting  a 
crack  at  normal  incidence  with  a=0.004  in.  and  ka=1.2  in  IN  100,  the  signal-to-noise  ratio  for 
edge  detection  extrapolates  to  -14dB.  However,  since  electronic  noise  can  be  reduced  by  signal 
averaging  (at  the  expense  of  inspection  time),  and  grain  noise  drops  off  as  f~  (a  15dB  drop  in 
going  from  ka=1.2  to  ka=0.5),  the  situation  is  not  as  bleak  as  implied  above.  Nevertheless, 
achieving  reliable  edge  detection  in  a  case  governed  by  these  parameters  appears  difficult,  and 
pitch-catch  configurations  should  be  investigated. 

For  a  measurement  made  with  these  angles,  or  any  other  set  of  fixed  transducer  angle  0 
and  </>,  the  amplitude  varies  slowly  with  the  orientation  of  the  crack,  in  general  on  (he  order 
cos  0  where  \f  is  the  deviation  of  the  crack  normal  from  the  x-axis  in  Figure  -1-19.  Thus,  for  a 
20  deg  angular  error,  there  would  only  be  a  12%  error  in  A.  or  a  2%  error  in  (k|)ltlix  for  the 
43  deg  pitch-catch  technique  discussed  above.  The  techniques  thus  appear  quite  robust  to 
modest  variations  in  crack  orientations. 

The  state  of  development  of  this  technique  is  fairly  early.  The  theoretical  work  of 
Budiansky  and  Rice  has  been  followed  by  a  few  related  analytical  papers.  One  direct 
laboratory  demonstration  of  the  direct  measurement  of  stress  intensity  factors  has  been  made 
at  Stanford  (Ref.  4).  In  that  work,  Rayleigh  waves  were  used  to  measure  the  long  wavelength 
backscattering  of  ultrasound  from  a  surface  crack  in  a  glass  ceramic.  From  analysis  equivalent 
to  that  presented  above,  a  stress  intensity  factor  and  a  failure  load  were  predicted  and 
compared  to  experiment.  The  results,  presented  in  Figure  J-21,  show  an  excellent  agreement. 
The  fact  that  the  predicted  loads  were  systematically  13%  less  than  the  actual  failure  loads 
was  later  explained  in  terms  of  a  slow  crack  growth,  and  hence  increase  in  stress  intensity, 
during  loading  prior  to  failure.  More  recent  unpublished  results  at  Stanford  and  Berkeley  have 
shown  that  this  approach  can  be  used  to  predict  the  failure  strength  of  surface  cracks 
produced  by  machining  damage  in  ceramics.  Other  laboratory  demonstrations  of  the  same 
basic  principles  have  been  used  to  measure  geometric  parameters  of  ellipsoidal  voids. 
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Figure  J-20.  Angular  Dependence  of  Long  Wavelength ,  Pulse-Echo  Scatter¬ 
ing  for  an  Elliptical  Crack 


A  number  of  practical  questions  must  be  answered  before  this  technique  can  be 
incorporated  in  a  system  to  be  used  in  a  production  or  maintenance  environment.  These  (all 
into  two  categories,  the  first  of  which  relates  to  the  degree  to  which  actual  (atigue  cracks  have 
topographies  that  match  the  assumptions  of  the  theory.  In  the  analysis,  the  crack  is  modeled 
by  a  pair  of  elliptical,  planar,  stress-free  surfaces  separated  by  an  infinitesimal  distance.  In 
fact,  the  surface  may  be  rough  and  furthermore,  there  may  be  partial  contact  due  to  closure 
stresses.  The  effect  of  roughness  can  probably  be  neglected  because  of  the  large  ultrasonic- 
wavelength.  However,  the  effects  of  closure  need  to  be  experimentally  assessed.  A  start  in  this 
direction  is  being  made  in  Reference  f>,  in  which  a  constant  correction  factor  has  been 
developed  for  the  particular  cracks  studied  in  ceramics. 
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Figure  J-21.  Actual  Stress  vs  Acoustically  Predicted  Fracture  Stress  (Figure 
from  Stanford  University) 

The  second  set  of  questions  relates  to  experimental  difficulties  in  measuring  the  long 
wavelength  scattering  parameters.  Examples  of  problems  include  interferring  grain  scattering 
noise,  alluded  to  above,  and  difficulty  due  to  interferring  signals  from  surfaces.  Some  of  the 
problems  associated  with  estimating  A-,  from  noisy  data  have  been  theoretically  addressed  by 
Richardson  and  Klsley  (Ref.  6).  The  surface  problem  occurs  because,  at  the  low  frequencies  at 
which  the  measurements  must  be  made,  resolution  is  limited.  In  general,  one  needs  scattering 
information  for  frequencies  such  that  ka<0.5.  For  the  numerical  example  given  above,  this 
corresponds  to  frequencies  below  4  MHz.  For  an  ideal  transducer  with  classical  tripolar 
response  which  has  no  reverberations  after  this  three  half-cycle  period,  this  implies  that  the 
flaw  should  be  no  closer  than  1.8  mm  or  0.074  in.  from  the  surface  if  it  is  to  be  completely 
resolved.  Since  real  transducers  have  internal  reverberations  and  lower  frequency  information 
would  be  desired,  the  realistic  number  may  be  considerably  greater.  Approaches  for  overcom¬ 
ing  these  problems  are  available.  For  example,  the  near-surface  reflection  problem  can  be 
reduced  by  placing  transmitter  and  receiver  at  positions  for  which  the  specularly  reflected 
surface  signal  does  not  occur.  However,  Eq.  (11)  shows  that  significant  flaw  scattering  signals 
will  still  be  found.  Some  preliminary  answers  to  these  questions  may  be  obtained  in  the  Test 
Bed  program  at  the  Rockwell  International  Science  Center.  However,  a  measurement  tech¬ 
nique  development  program  is  required  to  assess  the  extent  to  which  these  problems  can  be 
practically  overcome. 
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3.3.3  Inverse  Born  Scattering 


The  inversion  technique  which  has  received  the  most  development  effort,  and  the  one 
which  works  in  the  regime  ka~-l  where  signal-to-noise  ratio  is  expected  to  be  the  maximum, 
is  the  inverse  Born  approximation.  This  has  a  variety  of  formulations,  some  in  the  time 
domain  and  some  in  the  frequency  domain  (Ref.  7).  Here  only  a  sketch  of  these  details  will  be 
given,  along  with  a  review  of  assessment  of  the  algorithm’s  sensitivity  to  bandwidth  and  other 
parameters. 


The  algorithm  is  simplest  to  understand  in  the  time  domain.  Figure  J-22  schematically 
illustrates  an  ultrasonic  backscattered  signal  from  a  flaw.  It  can  be  seen  that  there  are  two  sets 
of  arrivals.  The  first  signal  represents  the  signal  reflected  from  the  front  surface  of  the  flaw. 
The  later  signals  can  arise  from  a  variety  of  causes,  depending  on  the  physical  nature  of  the 
Haw.  For  a  void,  these  are  produced  by  the  “creep  rays”  which  propagate  around  its  periphery. 
For  an  inclusion,  waves  propagating  or  refracting  through  the  inclusion  produce  these  signals, 
and  for  cracks,  signals  diffracted  from  the  crack  edges  are  dominant. 


In  anv  event,  it  has  been  rigorously  established  that,  for  Haws  with  a  center  of  inversion 
symmetry,  the  time  corresponding  to  this  center  (t=T,.  in  Figure  J-22)  can  be  directly 
determined  from  the  long  wavelength  component  of  the  scattering.  This  can  be  formally 
argued  in  the  following  manner.  Scattering  theory  shows  that,  for  flaws  with  a  center  of 
inversion  symmetry  and  the  origin  of  time  placed  at  the  position  corresponding  to  the  center 
of  the  flaw,  the  second  coefficient  in  Eq.  (11)  vanishes  and 


AM  =  AM  +■  OM' 


However,  one  does  not  initially  know  the  proper  choice  of  time  origin.  Instead,  a  first  guess 
must  he  made  by  looking  at  the  signals.  For  example,  t=T,.+r  might  be  selected,  as  shown  in 
Figure  J-22.  This  amounts  to  a  shift  in  the  origin  of  time,  and  using  the  shift  theorem  for 
Fourier  integrals,  Eq.  (13)  must  be  rewritten  in  the  new  time  coordinate  system  with  origin  at 
t  =T,.+  T 


AMe'“'  ~~  AM  +  jA,'“'  t  oM) 


If  one  can  then  deduce  A ■■  and  A:i  =  jA-jr  from  spectral  analysis  of  the  ultrasonic  signal,  then 
t  can  be  directly  determined  from  the  equation 


Since  the  directly  observable  time  of  arrival  of  a  reflection  from  the  surface  of  the  flaw  is  Tt.. 
the  flaw  radius  (or  more  precisely  the  distance  from  flaw  center  to  front  surface  tangent  plane) 
is  equal  to 


(T,  Tk) 
2 


where  V  is  the  velocity  of  the  ultrasonic  wave. 


a 


Ill  practice,  because  of  bandwidth  limits,  the  various  times  are  not  as  clearly  delineated 
as  shown  in  Figure  .1-21 .  In  these  cases,  a  frequency  domain  version  of  the  algorithm  is  often 
used  which  is  essentially  equivalent  to  the  above  approach.  In  such  cases,  the  output  of  the 
algorithm  is  a  plot  of  a  characteristic  function,  ■>( r),  which  is  defined  to  be  unity  inside  the 
flaw  and  zero  outside  of  it.  In  practice,  the  haiidlimifed  nature  of  real  data  will  produce  a 
smoothing  of  the  predicted  characteristic  function.  The  Haw  radius  can  then  be  estimated 
using  a  number  of  criteria.  Two  that  have  proved  useful  are  the  value  of  r  at  which  the 
characteristic  function  drops  to  f>()%  of  its  peak  value,  or  the  area  under  the  plot  of  the 
characteristic  function  vs  r  plot,  divided  by  the  peak  value. 

An  extensive  test  of  this  algorithm  has  been  made  for  the  case  of  spherical  voids, 
including  the  influences  of  both  signal -to-noise  ratio  and  bandwidth  (8)  on  the  accuracy  of  the 
Haw  size  predictions.  Figures  .1-28  and  .1-24  summarize  the  result  of  the  latter  assessment. 
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h'l^urr  J-'J-'I  Accuracy  of  Horn  Inrersion  r.v  Transducer  ('enter  Frequency 
and  Handwidlh  (Figure  from  linchiedl  International) 
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Figure  J-'JI.  list  i  mat  eel  Flaw  Size  vs  True  Flaw  Size  for  Several  Transducer 
Hand  widths  l  hint;  Horn  Inversion  (Figure  from  Rockwell  In¬ 
ternational) 

Specifically,  the  algorithm  has  been  used  to  predict  the  estimated  radius  a  of  a  flaw  having 
actual  radius  a.  A  Hanning  window  has  been  used  to  bandlimit  theoretical  predictions  of  the 
scattering  from  a  sphere  to  simulate  actual  data  as  measured  through  the  transler  function  ol 
a  piezoelectric  transducer.  In  the  figure  captions,  Kavg  is  the  wave  number  at  the  center 
frequency  of  the  window  and  (ka)max  and  (ka)min  are  the  values  ol  ka  at  the  high  and  low 
frequency  zeroes  of  the  Hanning  window.  The  same  data  is  used  to  plot  the  two  figures.  I'  igurc 
-l-L’.'t  plots  the  ratio  of  estimated  to  actual  radius,  a/a.  as  a  function  ol  the  center  frequency  ol 
the  window.  Several  curves  are  plotted  for  different  bandwidths.  From  this  data,  it  can  be  seen 
that,  for  a  fi:l  bandwidth,  best  results  are  obtained  lor  ka~-l.'i.  As  bandwidth  increases, 
accurate  results  are  obtained  over  a  broader  range  of  center  frequencies.  The  same  results  are 
used  to  plot  in  Figure  -I  til,  but  here  the  estimated  radius  is  plotted  vs  the  actual  radius.  I  his 
result  could  be  used  as  a  calibration  to  extend  the  usel illness  ol  the  results.  II  one  knows  kavg 
and  |ka|max/|ka|min,  which  are  both  transducer  parameters,  then  the  actual  radius  can  be 
determined  from  the  estimated  radius  and  the  appropriate  calibration  curve. 

:U2 


In  addition  to  the  theoretical  results  presented  above,  tile  algorithm  has  been  applied 
extensively  to  experimental  data  for  the  scattering  from  ellipsoidal  cavities.  It  has  been  shown 
that  the  approach  which  measures  the  radius  of  a  sphere,  also  measures  the  front  surface 
tangent  plane  to  center  distance  for  an  oblate  spheroid,  and  hence  the  theoretically  predicted 
performance  should  apply.  In  general,  this  has  been  found  to  be  the  case. 

Recause  it  operates  best  in  the  regime  ka^l,  which  is  where  maximum  Haw  detectability 
occurs,  and  because  it  has  received  the  most  detailed  evaluation,  the  inverse  Born  is  the  most 
likely  ultrasonic  candidate  for  incorporation  into  an  automatic  RFC  system.  Three  quest  ions 
need  to  be  addressed  to  ensure  that  this  will  be  successful.  First,  as  can  be  seen  from  Figure 
•1-22,  it  is  necessary  to  have  the  bandwidth  of  the  transducer  positioned  properly  with  respect 
to  the  flaw  radius,  i.e.,  kavg  a^  1  in  order  to  get  accurate  results.  As  shown  in  Figure  .J-24,  the 
calibration  curve  concept  can  be  used  to  extend  this  range,  but  one  must  “be  in  the  right 
ballpark”  to  get  optimum  results.  Thus,  it  is  necessary  to  use  some  auxilary  information  before 
applying  the  inverse  Born  to  obtain  accurate  sizing.  One  approach  uses  long  wavelength 
scattering  information,  as  has  been  done  to  an  extent  by  Richardson  and  Klsley  (Ref.  6),  to 
accomplish  this.  Another  would  use  a  focused  high  frequency  probe  to  establish  that  the  (law 
size  is  less  than  the  resolution  limit  of  that  probe,  and  then  apply  the  inverse  Born.  Procedures 
nl  this  sort  are  presently  being  developed  in  the  Rockwell  Test  Bed  program. 

A  second  difficulty  lies  in  the  determination  of  the  time  t  which  fixes  the  center  of  the 
flaw.  The  data  presented  in  Figures  .1-2:1  and  -1-24  assumed  that  this  had  been  precisely 
determined.  Further  analysis  shows  that  the  accuracy  of  the  technique  degrades  if  this 
parameter  is  not  determined  with  sufficient  precision  (Ref.  !)).  If  low  frequency  information  is 
rejected  by  the  transducer  bandwidth,  the  determination  of  r  from  Kq.  (If>)  may  not  In¬ 
sufficiently  accurate.  A  number  of  promising  approaches  to  determining  r  are  being  evaluated, 
but  more  effort  is  needed  in  order  to  make  them  fully  automatic. 

The  final  question  resides  in  the  fact  that  the  inverse  Born  technique  has  been  developed 
for,  and  evaluated  on,  volumetric  voids.  In  principle,  it  can  be  applied  to  cracks  since  (a) 
cracks  have  the  center  of  inversion  symmetry  that  is  necessary  for  the  centroid  determination 
and.  (Id  a  crack  is  the  limiting  case  of  an  oblate  spheroid  as  the  ellipt icily  goes  to  zero. 
Preliminary  theoretical  results  confirm  this  speculation  (Refs.  It)  and  1 1 ).  In  practice,  it  will  be 
necessary  for  the  signals  backseat tered  from  the  crack  edges  at  nonspecular  incidence  to  be 
detectable.  II  this  occurs,  then  application  should  proceed  successfully,  even  when  these  cannot 
he  resolved  in  time. 

3.3.4  Fourier  Inversion  Integral  for  Cracks 

At  somewhat  higher  frequencies,  short  wavelength  techniques  have  been  developed  lor 
interrogating  crack  like  flaws  (Ref.  12).  These  are  based  on  a  physical  clastodvnamics  approx 
imnlion  to  the  forward  scattering  problem,  which  is  analogous  to  the  physical  optics  approx 
imation  often  used  in  electromagnetic  problems.  The  approach  has  not  received  the  same 
intensive  study  as  the  inverse  Born,  or  long  wavelength,  approximations  have.  However,  from 
the  limited  effort  that  has  been  expended,  it  appears  to  hold  considerable  promise. 

F.xpcrimenlally.  the  approach  is  based  upon  the  measurement  of  the  frequency  do 
pendeiicc  of  the  longitudinal  wave  scattering  at  two  or  more  sets  of  scattering  angles.  Two 
•.politic  approaches  to  sizing  Haws  have  been  proposed,  one  of  which  has  been  evaluated  on 
experimental  data.  In  this,  spectra  of  the  scattering  was  measured  at  several  angles  and  used 
to  define  the  period  (At)  average  of  the  amplitude  modulation  (i.e.,  the  ripple)  of  the  spectra. 
This  period,  in  turn,  defined  the  Haw  dimensions  via  an  inversion  function.  From  an  intuitive 
point  of  view,  this  approach  may  be  considered  to  be  a  rigorous  specification  of  some  ol  the 
spectroscopic  flaw  sizing  approaches  that  have  been  proposed  over  the  past  years.  Figures  .1  2‘> 
and  I  2d  present  the  results  of  this  technique  when  used  to  size  a  2'><X)  gin  penny  shaped 


As  might  be  expected,  this  technique  requires  somewhat  more  complete  spectral  informa¬ 
tion  than  the  inverse  Horn.  Curves  analogous  to  Figures  2-22  and  .1-24  have  not  been 
developed.  However,  it  has  been  suggested  that  1  *r~ka<6  might  be  a  useful  frequency  band  for 
the  application  of  this  technique. 

As  the  sketchiness  of  the  above  discussion  implies,  evaluation  of  the  practical  aspects  of 
these  techniques  are  one  to  two  years  behind  the  inverse  Born  approach.  This  is  not  to  imply 
that  they  are  less  useful  or  accurate,  but  only  that  their  study  has  been  more  recently  initiated. 

Future  programs  thus  need  to  (1)  assess  the  effects  of  noise,  limited  bandwidth,  and 
limited  aperture  on  these  techniques,  and  (2)  apply  the  techniques  to  real  fatigue  cracks. 

3.3.5  Adaptive  Learning  Techniques 

Adaptive  learning  techniques  have  also  been  developed  for  sizing  surface  cracks  (Ref.  12). 
In  ibis  case,  the  same  theories  used  as  the  basis  lor  the  Fourier  inversion  integral  technique 
discussed  in  Paragraph  2.2.4  above  were  used  to  produce  the  training  set  of  waveforms.  The 
specific  predictor  developed  was  based  on  19  measurements  made  in  a  conical  measurement 
window  with  a  fit)  deg  half-angle.  'Phis  empirical  function  was  trained  on  theoretically  derived 
spectra  corresponding  to  real  frequencies  of  1  to  9  MHz  and  crack  radii  varying  from  0.2  to 
2.‘>  mm.  Thus,  the  range  of  ka  spanned  bv  the  training  set  was  0.21  to  22.2.  The  network  was 
then  tested  with  experimental  data  in  the  same  frequency  range  with  dimensions  ranging  from 
0.7  to  1.0  mm.  Thus,  for  the  experiments,  ka  ranged  from  0.72  to  (>..r>l  for  the  smallest 
dimension,  to  l.f>  to  12  for  the  largest  dimension.  The  adaptive  learning  predictors  were  based 
on  the  total  spectral  power,  the  ripple  frequency  discussed  above  in  subsection  4.  and  the 
spatial  variation  of  these  parameters  over  the  19  transducer  positions.  Figure  2-27  presents  the 
results  of  evaluating  the  networks  on  four  flaws. 

This  technique  is  very  close  to  reduction  to  practice  from  the  point  of  view  of  being  in  the 
form  of  an  algorithm  which  can  be  automatically  applied  with  available  hardware  such  as  the 
instrumentation  suppled  by  the  vendor.  Three  questions  remain  to  be  answered.  First,  the  2-19 
transducer  scheme  used  in  this  demonstration  would  probably  not  be  appropriate  for  the  RFC' 
geometry  and  retraining  would  be  requirt'd.  Second,  as  for  the  other  cases,  evaluation  on  real 
fatigue  cracks  is  required.  Third,  the  range  of  ka  values  went  up  to  12  in  this  demonstration, 
and  this  might  be  beyond  the  value  permitted  by  the  grain  noise.  Assessment  of  this  point 
must  be  made. 

3.3.6  Imaging  Techniques 

Imaging  techniques  require  ka  •  t>.  and  are  probable  prohibited  by  grain  scattering 

interference  tor  the  small  flaws  of  interest.  However,  for  completeness,  they  will  be  briefly 
mentioned.  Simple  focused  transducers  are  ready  today  and  could  be  used  in  a  pitch  catch 
-I  heme  However,  the  lime  required  to  scan  a  O.OOtVin.  local  spot  through  the  entire  volume  of 
interest  would  probably  be  prohibitive.  A  variety  of  ways  to  rapidly  scan  a  beam,  based  on 
electronically  switching  the  signals  received  at  an  array  of  piezoelectric  elements,  are  under 
development.  However,  it  is  not  believed  that  they  will  be  ready  for  application  to  this 
problem  within  the  required  time  frame. 

3.3.7  Theoretical  Assessment  of  System  Performance 

■\~  in  the  case  of  eddy  currents,  serious  consideration  should  be  given  to  using  recent Iv 
developed  theoretical  tools  to  design  and  evaluate  system  performance.  An  example  of  how 
llu-  might  be  done  is  presented  in  the  discussion  ol  long  wavelength  scattering  in  Section  2. 
Another  point  which  should  be  considered  is  the  use  ol  statistical  estimation  theory  (Ret.  Pi 
techniques  p.  probabilistically  assess  the  errors  ol  the  experimentally  predicted  flaw  sizes  so 
that  the  \|)K  output  niav  he  properlv  combined  with  probabilistic  fracture  mechanics. 
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Figure  J-27.  Elliptical  Crack  Inversion  Results  (Exp.  Data)  (Figure  from 
Adaptronics,  Inc.) 

3.4  Microfocus  X-rays 

One  of  the  objectives  of  an  RFC  measurement  system  is  to  achieve  100%  volumetric 
inspection.  In  principal,  ultrasonics  provides  this  capability.  In  practice,  however,  the  complex 
geometries  of  turbine  rotor  components  either  make  ultrasonic  access  to  certain  regions 
impossible  due  to  refraction  at  the  surface  or  generate  a  complex  set  of  background  signals  due 
to  boundary  reflections.  For  these  two  reasons  there  are  substantial  interior  regions  which 
cannot  be  inspected  ultrasonically. 

X-rays  provide  an  alternative,  whole  field  inspection  capability.  They  have,  however, 
traditionally  suffered  from  the  problems  of  poor  resolution,  so  they  could  not  be  considered  as 
candidates  for  the  RFC  problem  when  flaws  on  the  order  of  O.OOf)  in.  may  have  to  be  found. 
Recent  developments  in  microfocus  X-ray  techniques  have  removed  some  of  these  deficiencies, 
and  so  the  potential  of  X-ray  approaches  needs  to  be  re  evaluated. 


Microt'ocus  X-rays  are  characterized  by  an  X-ray  source  size  (10-100  gm)  which  is  much 
smaller  than  that  of  more  conventional  radiography  systems  (1-5  mm).  Because  of  this  it  is 
possible  to  operate  at  a  large  object  to  screen  distance  without  loss  of  image  detail.  This,  in 
turn,  allows  one  to  avoid  image  resolution  limits  imposed  by  film,  and  to  achieve  a  number  of 
other  applications  discussed  in  detail  in  Reference  15.  A  state  of-the-arl  instrument,  the  KI2, 
is  manufactured  in  England  by  Wells  Krautkramer,  Kid.  This  instrument  has  a  10  gm  focal 
spot  size  at  voltages  of  30-80  kV  and  beam  currents  up  to  1mA.  cost  is  approximately  $130,000. 

The  performance  of  the  El 2  has  been  documented  in  a  series  of  application  notes  and 
technical  papers  (15,16).  Included  among  the  demonstrations  are  detection  of  distributions  of 
10-30  gm  (0.4-1. 2  mil)  pores  in  IN100  turbine  blades,  detection  of  20  gm  (0.8  mil)  steel  wire  in 
IN  100  turbine  blades,  turbine  blade  inspection  rates  of  1000  per  week  (25  sec/image)  using 
gadolinium  oxysulphide  fluorescent  screens,  and  detection  of  thermal  fatigue  cracks  in 
aluminum.  It  is  stated  that  8  mm  of  steel  or  higher  can  he  inspected,  but  it  is  clear  that  the 
kV  ceiling  naturally  limits  the  thickness  of  turbine  disk  sections  that  can  be  inspected. 

In  light  of  these  performance  specifications,  the  applicability  of  the  E12  to  RFC  of 
turbine  rotor  components  can  be  evaluated.  As  noted  above,  the  kV  ceiling  limits  the  thickness 
of  components  which  can  be  inspected.  Furthermore,  because  of  the  high  orientation  sensi¬ 
tivity  of  images  from  tight  cracks  using  any  X-ray  system,  whole  field  inspection  applications 
appear  unpromising  even  if  the  penetration  problem  can  be  overcome.  However,  the  potential 
of  (his  technique  as  a  hack-up  system  to  ultrasonics  appears  good.  It  is  possible  that  such  high 
amplifications  may  be  required  in  the  ultrasonic  inspection  to  achieve  the  desired  sensitivity 
that  a  significant  number  of  false  calls  will  be  encountered.  In  this  case,  the  microfocus  X-rays 
could  be  used  as  a  back-up  system  to  verify  the  ultrasonic  calls.  Here  it  might  be  possible  to 
make  multiple  radiographs  of  a  given  part  with  orientation  varied  since  only  a  few  parts  would 
be  interrogated.  Section  thickness  would  again  be  limited  by  the  kV  ceiling,  but  larger  sections 
may  be  handled  in  the  future  as  technological  advances  increase  this  ceiling. 

3.5  Optical  Techniques 

Optical  techniques,  in  the  form  of  visual  inspection,  are  probably  the  most  widely  used 
form  of  nondestructive  testing.  For  the  case  of  surface  crack  detection,  this  is  commonly  used 
in  the  form  of  a  visual  detection  of  a  penetrant  indication.  An  in-progress  program  at  the 
Rockwell  International  Science  Center  is  studying  whether  more  sophisticated  technology  can 
be  brought  to  bear  on  this  problem  area. 

The  basic  premise  is  that  since  the  wavelength  of  light  is  on  the  order  of  a  gm,  then 
features  of  this  size  should  be  able  to  be  resolved  in  a  suitably  designed  optical  system. 
Unfortunately,  most  optical  systems  used  in  field  NDT  today  are  far  from  optimum.  The  basic 
program,  then,  is  to  design  and  construct  a  high  quality  optical  system  to  scan  the  interior  of 
a  bolthole,  and  to  use  an  image  analysis  system  to  identify  and  size  linear  image  features  which 
will  correspond  to  surface  breaking  cracks.  This  is  being  pursued  as  a  part  of  the  DARPA 
sponsored  RFC  research  program. 

Preliminary  research  results  have  been  obtained  which  support  the  validity  of  this 
concept  (Ref.  17).  It  has  been  shown  on  flat  plates  that  (a)  tight  fatigue  cracks  can  be  optically 
detected  with  high  resolution  optics,  and  (b)  that  the  lengths  of  these  can  be  automatically 
determined  using  commercially  available  image  analysis  equipment.  A  demonstration  system  is 
now  being  constructed  to  apply  these  ideas  to  the  interior  of  a  turbine  disk  bolthole. 

The  ultimate  applicability  of  these  ideas  to  RFC  depends  upon  (a)  whether  the  surface  is 
sufficiently  clean  for  the  crack  to  be  visible,  and  (b)  whether  cracks  which  must  be  detected 
do,  in  fact,  break  the  surface.  In  the  former  regard,  it  should  be  noted  that  the  same  conditions 
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apply  to  penetrant  inspection,  and  serious  consideration  is  being  given  to  surface  preparation 
that  would  serve  the  needs  of  the  optical  as  well  as  penetrant  technique.  It  may  be  found  that 
the  ultimate  system  incorporates  the  automatic  optical  read-out  and  sizing  of  penetrant 
indications. 

The  comments  with  respect  to  buried  flaws  apply  to  penetrant  and  microwave  eddy 
current  techniques  as  well.  At  this  point  it  appears  that  flaw  detection  will  be  satisfactory,  but 
that  sizing  errors  will  be  found  due  to  the  presence  of  subsurface  crack  segments  such  as  were 
found  in  the  Failure  Analysis  Associates  and  work  reported  in  Paragraph  2.2.  It  should  be 
noted  that  the  Rockwell  program  recognizes  this  potential  sizing  deficiency  and  therefore  plans 
to  use  the  optical  technique  primarily  for  high  speed  detection.  New  ultrasonic  techniques 
have  been  proposed  for  sizing.  However,  since  no  data  have  been  obtained  using  these,  they  are 
not  included  in  this  discussion. 

3.6  Thermal  Waves  (Photoacoustics) 

If  the  surface  of  a  solid  is  periodically  heated  and  cooled,  thermal  waves  will  be  excited 
which  satisfy  the  diffusion  equation  and  are  attenuated  exponentially  as  they  propagate  into 
the  material.  These  waves  have  many  features  in  common  with  eddy  currents  and  should  find 
important  application  where  discontinuities  in  heat  flow,  rather  than  current  flow,  are 
associated  with  flaws.  The  waves  can  be  excited  by  a  variety  of  means,  such  as  illumination  of 
the  surface  of  a  material  by  a  modulated  laser  or  electron  beam.  They  can  be  detected  by 
sensing  the  acoustic  waves  radiated  into  the  surrounding  air  by  the  periodic  expansion  of  the 
near-surface  air  layer.  This  is  done  by  using  a  microphone  or  by  direct  infrared  temperature 
sensing.  They  have  been  shown  to  be  sensitive  to  cracks  in  ceramic  turbine  components  (Ref. 
18),  to  plastic  deformation  in  metals  (Ref.  19),  and  compositional  variations  in  semiconductors 
(Ref.  20).  It  appears  likely  that  this  will  become  an  important  new  tool  in  the  NDE  arsenal. 
However,  development  is  in  an  early  stage,  and  application  to  RFC  systems  cannot  be  expected 
for  several  years. 
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